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[fl*5l] -MLi !( „ 0 Ni (1 . t . y(J)/i Mn 

(l-.-y-*)/2My0 2 Cfcfc'U 0^X^0.0 5, ~0. 

05Sxf«g0.05, OSy^O.2, -0.1SS 
SO.lTftoT, MliCo, SfcJiCofcTi, c 
r, Fe, Cu, Zn, Al. G e fe Xl/S n A^&S 
SA'fcSSlSftfc lStLh^7C»D •C«3fiSfflj££3r 
L, ^0^-<7)KW^'4 . 5 5-4 . 9 5 g/c m 3T' 

(11*52] — ^Li ltIta N i (i-,- y+s ) /2 Mn 
(i-,- y -s )/2 M y 0 2 Cfcfc'U OSxSO.05, -0. 
05gx + «g0.05, 0gyS0.2, -O.l^ff 
SO.lTfcoT, MliCo. ^liCotTi, C 
r, Fe. Cu s Zn, Al, G e fc it/ S n A^^rS 

s*^as?s*ut iaiiUb^7c*D T£is*L*fflj££3f 

Srfc 2 <?#1 8 * tt&Zft&i-& (003) 0*f tT-? 
1 4 4 • tt3£fc£q£f S (10 4) Hlfff ^-?<m.w& 

g£ ^fl^fl I , 8 fc XX/ I 44 t LTt t # fc , I 44 

/IistfO. 9<I 44 /I 18 S1. 2X°hhZt*W® 

(ii*«3] fra-jsasfcfe^T, y>o-c$>o, m 

[ if *54 ) mst-'We&lzti v vc , -o.oi5Sx 
+«so.o 1 5T*ais*wi~3tf)v^m*>tiett 

4 . 7 g/c m 3 kU:Tifcl>|jt*5 1 ~4<Ws*ft#>fc: 
(11*56 ] N i fc M n« 1 : 1 T*S1I*5 

i - 5 ^vfltaMcBB© y 

(ff*57] MnWIS^S. 3-4«T'£>§tf 

*5 1 -6 w vfixMcffiiicoy ?-?A*#M£BKfc; 

(11*58 ] m m&b&n&n 

7 iztmn v w ^-tm-smm, 

( ti*5 9 ] n i co^mswm 2 (it* i. w*5 

1 - 8 ^^-m*HCIBfi<7) D f">A***^«flSHi . 
(W*51 0] -MLi ltI ,„ N i ( i-,- yt j )/2 M 
«(i-i-y-ff )/ 2 M y 0 2 CfcrtfU 0sSxS0.05, - 
0.05gx + «g0.05, 0.2<yS0.4, -0. 
24SS^0. 24T'$>oT. MtiCo, ££JiCoi 
Ti, Cr, Fe, Cu, Zn, Al, GefcilA'Sn 

fr-O 4. 75-4. 95g/ 

cm^x'h&zt^mt-rivi-^ ^-m^m-it 
fe. 

(11*511] -iSLi 1 „ (0 Ni (l . I . J(n/! M 
n ( i-,-,-s )/2 M y 0 2 Cfcft'U 0SxS0.05, - 



0.05^x + «S0.05, 0.2<yg0.4, -0. 
2 4S5S0.2 4f&oT, MliCo, itdiCot 
Ti, Cr, Fe, Cu, Zn, Al, Gefci^Sn 

«J*£*U **0CuKatt8rfflV^X«IUl)fS!lgfctJ 
<^T, E»rft2 0#18* ffififcffartS (00 3)0 
Urt-? 1 4 4 • imizft&th (10 4) (Uifft-? 
«S»SS***<i-e#iI 18 *jJ:tf I 44 4: UfcfcSt. * 
ffiitln/ 1 la^O. 7SI 44 /I 18 Sl-C*§C:tS: 

(11*5 1 2 ] tie-*«lci$VYt , M4»c o , tt: 
licotAi X'him^m l o t fcte 1 1 tisBM) y ?■ 

(lt*5 1 3 ] ME-ftrticjsvYv: , -0.015s 

x + asSO.O 1 5T'S)i.n*5l 0-12W>fiTi> 
(11*51 4] N i iMn<0ftit#l : 1 T'J>Sff* 

510-1 3cov^*>tieK<oy^^A^a^t: 

fe. 

( 11*5 15] M n OTOfflfcP 3.3-4 fIT'£> l> 

i**5i o-i 4o^-fit*>tie^c7)yf-^A^^ 
eftfe. 

(1**5 1 6 ] M n O^fejjffiiii: A ? (2{i' 4 (ffiT'cfc ■!> ti* 

1 1«*5 17] n i 2 m x-h *>»* 

510-1 6covvf;h.^f£»oy^A^^£i£it 
fe. 

(18*518] HR*Lii4 I 4.Ni(i. 1 . y 4, )/ ,M 

n (l-.-»-!)/! M y°! CfcrtfU 05x^0.05, - 
0.0 5Sx + orS0.05, 0.2<y^0.4, -0. 
24S5-S0. 2 4T"*oT. MfiT i , Cr, Fe, 
Co,Cu,Zn,Al, Gei5£TfSnfrt>%2>mfr 

Ni, MnfcitfMOftJtAU : 1 : 1T*^*\ 4?t 

(It*5 1 9 ] tWBHRstfcfe Ir^T . M*iC o , it: 
liC o t A 1 T'S> &ff *5 1 8 fclEHO U * 
^Sftfe. 

(11*5 2 0] MK y f-? A^*a^LfeA\ ^ 
<ti>N i « itAM n £*§J&7C5| LT^tfft^L^fe 
4fcl4^r<i:<»Ni, MniJitfM^flljfijaii: LT 
#tf«^t^fet , L i Ofb^fei: ^jffiiSt S £ t (cj; 
0 *ufc t OTft 4 11*5 1-19 W-ftifrlzU 

( 11*5 2 1 ] HuES^k^fe*<, g^fefe J: j/*K 
(!i*522] ^<ttN ifcitA*Mn5-«;£7u^ 

t LT#tf^-ft,-^fei; , l i ofc-^fefc zrmco&m 



c 
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d*l3:2 5 0~8 5 0*Ctf>aLfltC0. 5-3 

bft^m&mxm.-tzzbizx*). LiNio 2 t 

[ff*JS2 3] ^&<fcl>N ifcJ:tfMn2:fg|£7C» 

t bxistsm^it^mt . l i coit^tm^itm 

Til^U ^il£K*£^tf»B^+T'2 5 0-8 5 0 

J; 0 i b fc«k 0 , l i n i o 
2 fc PI tJB*»Ji«a^lHbHi^»B!t-f * - 1 ifflAt 

imam 4 ] HIBR£&X«f7 0 0-110 O'CT' 
h h 11*11 2 2 i fcli 2 3 fcfBttO U * A-£#££8 

[|«5j<JS2 5 ] ^&<fciNiiJ.fctfMn£ttj£7C* 

•J-tffc-f Slt#B2 2-2 40Vvffu&»taS»«Uf > 
[ If * « 2 6 ] £ #HSl+T'Me« £ ft d 

ztzmmt -t&imm 22-25 w ^-rtiMzmmn 

[ 11*11 2 7] lute U f-^ A^«£§Hk»\ -ft 
SCL i i + Ita N i ci-,»» )/2Mn<i-,- ff )/ 2 0 2 ifzfz 
U 0SxS0.05. -0. 0 5gx + «g0. 0 5. 

*jS2 2-2 6<7)^-rtLMzim^v^M,^m^m 

[lf*JB28] 4«Sr<i:t>Ni. MnfcitfM Cfc£ 
L, M(±T i , Cr. Fe. Co. Cu s Zn, Al, 

m: zmmmt Lxistsis&tt&fat . l i coit-sva 

fcfcffi5&0it$TS£U ;n^2 5 0-8 5 0°C<7)S 

st- o . 5-30 mmfmnm. l. lais^iiHan 

1 i n i o 2 1 n t ««i»t«a^iHk!iij&^)S-r s - 

L. MteTi. Cr. Fe. Co. Cu. Zn. Al. 
GetJj:l/Sn*»^a»36»fe^?S*ifcl«iaJ:W7C 
ft] *«JS7C*fc LT*t?a-&ft^fiit , L i <Dft£t) 
fc m^itmx-M^ L . £ ft2ri£*£ *tr*fflS*T 

2 5 0-8 5 0-CcO^JSf^liapaL. M2^ 

o . l i n i o 2 1 mi®mfe<n®mMto*B&$ 
a. 

[ If *Jf 3 0 ] fiHS8£SJK# 7 0 0 - 1 1 0 0 °CT 



jtmb Lxis*sig&tt&bt . l i (Dit-smb im%0 

X7U-*?C-fl>li*«2 8~3 OWffuWclBfiO 

[§t*JH3 2 ] 88R**t»»ll«+TliiIiB«ia*ff d 
,TtS:mt-rSii*JH2 8~3 1 OVvfiX7X:i£S!<7) 
y A*«a^Kfl;«j^«!3t*ffi. 
[ If *JS 3 3] Ma U f7i^tS^IHbW, HR 
i |t|<1 N i (1 - x - yt5 )/2Mn (1 . s .,.}) /2 M,0 ! 
C^iL. 0^x^0.05. -0.05gx + «^0. 
05. 0<y^0.2, -0.1g5S0.1tft->-C. 
MliTi. Cr. Fe. Co. Cu. Zn. Al. Ge 

x-mtiimLZG? &mm2 8-3 2«vwt 
t mm 34] buib y f-^A**»MWHw», hr 

^Liitna )/ 2 Mn (1 . I _y. 5 )/ 2 M y 0 2 

C^c'L. 0^x^0.05. -0.05gx + «SO. 

05. 0.2<y^0.4. -0. 24^5^0. 24T'fc 

oT. MJiTi, Cr. Fe. Co. Cu. Zn. A 
Is Gefci:t>'Sn*^^l>P*^a«$il5tiaah 

<07C«D T'^§ill>a^^*-r.&lf*«2 8-3 2W> 

[ff*JB3 5] HUfEMnCO^fe/ffi^5:3. 3-4«t 
-t^fB^Jl 2 2-3 4 <W Ytff^fciE»«9 'J f">A^rW 

CII*3S3 6 ] flKM n Wr%«2r(JJ3r4ttt-ri) 

w*jjf3 5 tEa«y f-^A^a^ktiosit^ 
a. 

[§t*JS3 7 ] tirEN i ffw&tigkiiia2mft& 
ii*3i 2 2 - 3 6 ifftMa»o y A^rwa^ 

cii*«3 8 ] ffiiaa^ifc^ft^ i^tftfc ±t^*K 
•ftw^atm^ iaT'$)&fi*ii2 2-3 7cov^-rn 

[000 1] 
[0002] 

b'lzm\ 'mttX-is^^&to-dmWiiSmk $ 
Z^m^fc LT. L i C o0 2 2:iE»cfflV^. 
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[ o o o 3 ] z.cr> \) ^Az&mmniEmtmt ixm 

T^S. U>Ur*<<b, LiCoO,tt*iJ^jR-CAS 

[0004] <I<0Jt*\ 'J i^AZ&«Mffl<9iEffi*m 
fcLTfct, LiCo0 2 KfUT. 'Jf-^A-rytfyK 

■im^coMmmmm^iix^h. *<w*>. 

*3Hffi6«> 'J f"7 A-7y^Vi?«T'*)S L i , M n 4 o 
9, Li,Mn 5 O l2 , L i Mn 2 0 4 &£>'&g£ftTi> 
0. f$lCL iMn,0,R i HZMLX4 vn&C?>mi±ffi 

®x-Kimmm?h iztt^.&A, mnmhti 

X^h ftifcfctti , ^|«dK2, MHOR 

3, «fifc*lK4#JB. ) . 
[0005] 

HttfcfcfC 1 ] #HH¥6 - 7 6 8 2 4#&* 
[0006] 

[#I^K2 ] #H¥7 - 7 3 8 8 3#&* 
[0007] 

Uft¥t$tt3 ] «P7 - 2 3 0 8 0 2 *£MR 
[0 0 08] 

[*$l*£it4 ] #!W7 - 2 4 5 1 0 
[0009] 

[^WraUfc^fc-fiM] k^T. LiCoO 
2 oafft&€§*{±2 7 4mAh/gT'J).S^ a&^ft 
KHSrff 3 £ L i CoOjA^MS: LT^ 9)V 

v^fflftWrSWSMttl 2 5-14 0mAh/g<o«E 

[0 0 1 0] iit^MLT. L i Mn 2 0 4 oat^fem^ 
ilfil 4 8mAh/gT'S>§*\ ClcOL i Mn 2 0 4 1 L 

fcttJBT* SStm§*J±9 0-1 0 5m Ah/gg«fc 
S^-LTLid. ^^«rt*^t>HJ/i,*»^J:3t s Li 
M n 2 0 4 SrZEgvSfejrk LTflWIW-S*£*:fcL L i C 
o 0 2 S-JESvSWi: LXffi%-$hi%&£ *) i>WmR 
Z±Z<i-&ZttfX'Z%\,\ 
[0011] L i C o 0 2 <93ft&g#4 . 9~~ 
5. 1 g/cm 3 T'$>l>60{C*fL. LiMn 2 0 4 <7)S® 
»i4. 0-4. 2g/cm3fc*»&9<gt>ffiT'&rK 

JB^Fff 2:4 t Sitters. 

[00 12] $^>{C, L i Mn z O t £jEffifflmt IX 



n 2 0 4 @tt<Of&jgaq^£T'*S£*'>, Hf>f 
L i Co0 2 ^m?fi<J: •JtSV-itV^raSt*)*. 
[0013] dcoi d&HJHSrfgglrf&fcabfc. L i M 
n 2 O i biim^l^^ttt. L i Mn0 2 3rk'<?)l 

xmm^mn-ytz^ ^m^m. mzLm 
xvm nVMizmimzmmt&Tcgniimt: *<r>mm 
❖lit. znmwfom&ztih t rosg&t'fcj: 
o . ^-oflija^e* znmtfmizwfctz ztz 

[0014] Witf. ^h-^SUf-^Avy^y^t; 

ktxtt^xh'^mmfr^iEiTgi^tmkzm 
gywm^im . u ^Mzn lx3 vimcommmm 

[00 15] 4fc, L i tMnOMt^it (Li/M 
n) £ 1 t Lfc*&&fcti, 3ttOMn{cJ:S-\'-y • r 
7-m&>fcMZ, L i Mn0 2 coe H e H «jt{±M^ H B B ^ 

[0016] ZffUk&fo (LiMnOj) (i s L i MJt 

*<o~i . oc?)&mx-nmbmwzimmmmx'& 

ZbtK W80ZW$\,Z 4 ff COM n (OWfetfMi Hzttz 
i-t:VX'%<. 3. 5Vja±o«£ETak«**±LJt* 

t. ffimx-MnmrnzwommtitZiiLtzt:^ 

[0017]I-7t> LiMn0 2 ^fc'c7)a«£7)!J^^ 
[0018] *^lifrE^^ras^(5f^-T / «IKS 

m£&ikmtm$tizt, zt>t,z, zhziEmizmu 

[00 19] 

!♦,♦„ Ni(|. l .» ) , )/! Mn (1 . I .,. })/! M,0 ! C?t/i 
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U 0^x^0.05, -0.05Sx + aS0.05, 
0SyS0.2, -0. 1SSSO. lt'S^T, MJiC 

0, ££i;iCokTi , Cr. Fe, Cu, Zn, A 

1, GefcJ:^Sn*^^|,P*^aiR§^l«l-lL 

5 5-4. 9 5g/cm3?&l>y^A-^ffi£iM: 

[0020] £6 ±E-^-C*$iil.fflBgSr* 

fifi 2 dtf 1 8 * ftififcSRfr*-* (003) Eltfrt-? 
k 4 4 4 ftiSC#^tT& (10 4) @!ffe-?C0«*S 

/I„#0. 9<I, 4 /I, 8 S1. 2T*«VJf->A-£ 

[ 0 0 2 1 ] JJEttt3'J«0JB«fc L- 
T, — flfeSL i Ul+a N i (i-,- y+ ff )/2 Mn 
(,.,-,., ) /2 M,0, [fcrtfU OSx^O.05, -0. 
05Sx + «g0.05> 0.2<yS0.4, -0.24 
SSS0.24T&-3T, MfiCo, ifcJiCokT 
i, Cr, Fe, Cu. Zn. Al, G ei>J:tf S n*» 

j££*L, *»O*<0jra?*#4. 75-4. 95g/c 

6. 

[0022] *SV^±. ±E-«WT**<l4ffl«** 
L, **OCuKaHfcfflV^xailttfaKlCSVvt. El 
Jfft 2 £#1 8- ttifiKaRfct* (003) 

1 4 4 • ftifitflqtt* (io4) miff v-?<vmm 
/i ,8^0. 7 s i 4 4/i 1B s ltibsy^A^^ra 

[ 0 0 2 3 ] $ feWMOlBKi: LT, 

— $i£L iin*, Ni(i.,.,*j)/jMn(|.,.,.})/jM 
y 0 2 C££*U 0SxS0.05, -0.05Sx + aS 
0.05, 0.2<yS0.4, -0.24S5S0.24 
tfcot, M&Ti, Cr s Fe. Co. Cu, Zn, 
Al, Ge&XVSnfrtt&m^MVlZtlfcima 
±«07C*] Y«3*l4i|§jS£*rU N i , MnfcJtfM 
<0*it**l : 1 : 1T'&6*\ i^U^«SSS(Cft«>J 

C 0 0 24 ] § t>\z. 4&mts ±!BU f-^A-ir*^ 

[0 0 2 5] 4^:<kiN ifcil/MnSrft 

cOib*Til-&L, ,I*l£2 5 0~8 5 0'C<7)igJgT0. 

5~3 0H$rat»t, s^tc mzmtomw& 

i. 0 1 ffiv «&ST*Mj£-f 4 c k fc «k 0 , L i N i 



[00 26] ifc. 4-&<fci>N ifcJ:t>'Mn£lM7C 
Hik l/C*tt*£fc£fti: . L i fftfti&nt SrBfJ&OJt 
¥Tfi£U i*i*K«Sr*tt»ffl»4''C2 5 0-8 5 
O'COSST'^tt^t, Sfelc, «ffi^ffllJnjR«K0ffl 
S<k 0 tffiv^iSSTM^-ri. i k fcJ: 0 . L i N i 

o 2 1 n immmn&smtmmm-h z. t mm 

b ■** V+V&GttGM^&G^ZWki-h . 

[00 27] 'J?%<bi>N i, MnfcitfM Cfc 
fc'U M(iTi, Cr, Fe, Co, Cu, Zn, A 

1, Ge&£VSnfrt>%Z>mfrt>'M1flZtlfi:im&± 
OtcS) Zffi&Tmt lX1Stt1tt£tt&tok ■. L i Oft 
■&bb £BrS&OJt*T«l£U ZtlZ 2 5 0-8 5 0'C 
<T>m. X 0 . 5-30 RffitFHUllffi L , $ t , BE* 

o , l i n i o 2 b m tmmm^m^mtmmm- 

hZb m®b -ft U f-^^**a-&UHKHlOKJt*ffi 

[00 283 SfelC, ^<tt,N i , MnfcWM 
CfcTt'L, MliTi, Cr, Fe, Co, Cu, Zn, 

Al, Ge)5£VSnfrh%mfrt>mmtlt:lWJ. 

±Otc»D Zffi&itmb LX-ktstifete&tob* L i CO 

^*T2 5 0-8 5 0°Cc7)SS-C^{iJD^L, SfeK, . 

t ic j; o , l i n i o 2 b n trnwrnmsmtm 
m&tiz b mmbth <j *vj*iftt$md!w& 

[0029] 

H^BMfcftli. HRs»iLi, +xtB Ni n .,., (J)/2 Mn 
)n M,O i CfcJt'L, 0SxS0.05, -0. 
05Sx + aS0.05, 0=SyS0.4T-*0, -0. 
1S5S0.1 (7t/it, OSySO. 2<T>b%) ttili 
-0.24S5S0.24 (7t?t'L, 0. 2<yS0.4 
<7)h# ) X'h-oX. mZTi , C r, Fe, Co, C 
u, Zn, Al, Gefc«fctfSn#>fe5r&Sa>fe3SS?$ 

i ma±<7)7tm} x-mn. ^<ttNitMn 

S-ffiE7C«tLT^t, N i iMncOMlt* 1 
1 : lt^r^ffi^^tL^, r<Rfe*ifcffljS«Sii 

nmmcMx-hh. 

[0030] Xffifeis^x , y **A**r*&iKi:ft 
wtmtfcs mmuzXoiz, 3«coMnofi]^*^< 
<o^, Mnc75^i|ics•4ffi^cJ5v^^lk't■s^^^s* { ^>'i> 

4ffll<7)Mn<0ffJ^* { litl>(CL.Jt*H\ Xt'^S 
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coo3i] Mmmizftixit. l i 

Mn0 2 (CL i SriifJfc-g-^r$^TMnc7)^%{igr^ 
%<i~&j)\ L i MnO 2 c0Mn£, Jl^'J f-^A-g- 
Wa^K-fbtl$r^C«^T^I.7C^. ARtifCo^N 
i Sri'-CIBItt-!. c\ktfW)Xh&k%l. L i ofi 

[00 3 2] *<0&||, Ni fcMne9*Jt#, 1/2: 
1/2, ?%b*>l : lt^LiNi^Mn^Oj 
Mft#C«ah.*ttftfc**i: IX. N i fcil/M n 
i T«&£ft, N i tMn©l 
ifc#l/2: l/2fr&«i«i*/24Jj:t/ f -*/2 
£W*U L i n&fttfatH-ffiiHL^ N i fe 

J;J/M n*<-?-il^'fLy/2-r07C^M (fcfc'U M{±T 
i, Cr s Fe, Co, Cu, Zn, Al, GeHXV 

snfrt>%&&£ mmtitz i wxkoxm) x-wm 

(i-.-yu)/!Mn a . I .,., )/! M J 0 ! (fcfc'U OSx 
SO. 05, -0. 0 5Sx + ag0. 0 5, OSySO. 
4T'$>D, -0.U5S0.1 (fcfc'U OSy^O. 
2<F>k%) ttcii-0.24SSS0.24 (fcfc'L, 
0. 2<yS0.4<7)i;£) T£>-?T, MliT i , C 
r, Fe, Co, Cu, Zn, Al, GefcJ:tXSn*» 
t>%imfrt>miRZ *Ufc 1 »jy_Ltf>7G* ) TSl$*l|>ffl 
JWfflifclJUT, *«<0lSfi«Ji*^efl:§^, 4Vft 

-f &BAtt(cff tut y ^Ai^r«£&M:«>m*iS 
Zk&bfr-ot:. y>0T-3>l>«-&, -f&;b£>, 

[0033] »; ^ J>-kim-&mM>'P<7)M n 

^¥^flBR3&t4ffii£flS<ott(tiJ:-e3. 3~4fiS) it 
& £ , ftftHT'OL i CO H-TtJ it^JK F-T'tfOgf 
K, Shft4»tf>M nttSIMWlM&h.*,: fc&iftc J: l> fc 

IT, X««iR4HK (XAS) fciOSJSLfce^fflv^ 

[00 34] .fc&LfcJrofc, Ittco^it^^ 

AtttCffiftl. , ^ < t h N i fc J: M n HMjcSRk 

fflv^ xsmmz&ff o t , B»fA 2etfi8' im 

HXX/4 4 ' imUi. L i N i 0 2 <7) ( 0 0 3 ) fcj: 
tM 1 04 ) <V®tft-9l,zim-tmW;V-91fi*:ii 
fftl^s-f-PffftU 6 3° —66" OKfflt 

i±, ( 1 0 8) to£.xfi ( 1 1 o) <nmxv—?izi&m- 

&2*(r>®ifi\Z-7j!jt{pfcf&%t\ %<rMW*9-v 
iiL i N i 0 2 fcRttODtttSSr^rtsm-ffloa^BMfc 



[0035]$ £>lc, 0*f^^- ^3&fittB*c«iWL<:*S 
51, iJBl 8° ffi5fcj:tf44* f+igco®^ fcT-^co® 

t&fc, -?-COjtI 44 /Ii 8 #, 0. 9<I 44 /I 18 S 

1 • 2 (fcrtfU 0gyg0.2cotl) , ttciiO. 
7SI 44 /I 18 S1 (fc*£U 0. 2<yS0.4<7)k 
£)X'h*). ±IS6 3--66 1 <7)ffiHtJ>|. 2 
i&mitii\Z-?<Wmfi (20) ffm.6a.tK 0. 3° 
StfaSO. 6° (fc£U 0SyS0.24>i#) , 
ttziiO. 55' S^aSO. 75' (fc£U 0. 2 
<y^0.4<Ot#) T*stv^-51#a&*Y*itt 

[ o o 3 6 } ccoi a & 'J ^^w^^mim^m. 
mmm. *v*)vmv>w&tt?h l i m n 2 o 4 1 n 
«c, 4v#i£co«JEffl^STw^tjKm^•BregT-?> , ), « 

*c0jE®S^@T*S L i C o O 2 <0ft#i LTffiffl-t 

[0037] ±3&mZG?&V1-'>&$G® 
Sffitmi. «S5S*M.55~4. 95g/cm3i^ 

m-ffl*^fK$ < * a fc» , l i c o o 2 oita? 

«JfcJfcfc3fiv«flW>t*te*:gi*«i:*>), -0.01 
5^x + ar^0.0 1 5ti>V>T, fc*J:^4. 7g/c 
m 3 Ja±c7)«^a-^^tt t d k tfbfrntz . 
[0 038] iaLTtidtC, *^Bgo'J^A 

L i N i , /2 M n 1/2 0 2 coj; o (c, 
NifcMn*n : 1 LTH*#. $ 

^riHtMHJ^tt;-5, Ni, Mnfciy 

M04ifc#l : 1 : lt^rSIM, •t%b-h~®£L i 
N i , /3 M n j /3 M, /a 0 2 TSS^l y = 1 /3 t ^^H^ 

t 0 0 3 9 ] ±|B-«5CL i . N i )/2 M 
n d-x-,-s )/2 M y 0 2 (Jtfc'U MtiTi, Cr, F 
e, Co, Cu, Zn, Al, G e fcJ:tfS nfrhtcl 

m^mK^iitzim.vxhff>im) izn^x. o^yg 

0 . 2cOfflfiglEHT"{i, N i fc Mn^JLtWffl ( 5/ 
2) {^hSV^U^SfL^V^, 0. 2<yg0. 

4 <0ffl^HT1i, IS A«JSo^tt*J J: 0 iS< =5r ") , 
#— ffl $ il^-T < t£h tHh , NitMn coSJtc 7 ) 

■fh.* 1 ** <=5:-9-ct) 'Jf">«6.*^ra^iwfc 

T, 0gy<0. 2<0fcSt*i. JtOt 9f#l>EBte- 
0. 1SSS0. lk«V^JC*fU 0. 2<yS0. 
4<7)t#(C{i, OttSiEH^-O. 24^5^0. 

2 4fc/A<^S(0T'S>l». 
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[004 0] 0. 2<y£0.4OffljSRHfc 

fcvvCti. 0<y^0.2<D«iEH<Otti=rftJ:9k« 

m&#±* < %z> t#y. J; *) as wtta Uctim-h 

^ft-Ctt. 0. 2<y^0.4<7)ffl^EHCfcV^-ew 
*£-JgJ4fcJ:-?-4.7 5~4. 9 5g/cm 3 T-(5l>c7)t 

HXZA. 55~4. 7 4 g/cm 3 T'J>l>. 
[004 1 ] ZZX\ y<D±$m*0. 4bltl<Mi. 
y>0. 4^M, -t^*>7C«MT'(?)amft* J 0 . 4 

[ 0 0 4 2 ] &fc . 'J f»> A**«£!WMlKO 

3 0 6 4 6 5 5#4HB, «8I¥9 - 1 9 9 1 2 7^& 
*, ItffiH 2 1 0-699 1 O-t&fJh ^M2 0 0 0 - 2 
94 24 2^B&fc'fclS^$itTVvS>. L*>L&# 
f>. ifBWvfilicolvCk. *%HJ(O^N itMn 
#1 : 1 jS^RS fc*lfc«lS«Hfc*N ^X . ftfcftiufc 
^ftcO y f^A^in^MWII^hS; t £BH*L 

[0043] tC-bt's ±12 'J f"> A^^a^sHi^ 

[0044] iilli. N i fcit/M n^rfc'COH^tf T'W 
fetSSSSjWlv ^ . £j£RJSfcfc d it A> £^-fc 

[ 0 0 4 5 ] ZZT. *ffl&t>l&. iMHumz-s®. 

fc n i fc it>'M n £ffijS7c« fc L"C£trit£fl:£ft fc , 
L i <ofc£»fc SrttiS-f 4 i fc <fc 0 . *JHH<*>y 

[004 6] ZZX\ i)«Sr< fct>N ifc«fctfMn£flij£ 
Tcsilfc LT#tra-&fc£%£: LTtt. Witf. fc 
fc N i fc «ktf M n Z-StS&mt&to. *Jfc&j£S*lfcfc 



mtxmhixhii^Mm^mi<, n i 0 . 5 M 

n 0 . 5 (OH),. NiMn 2 0 4 . N i 5 M n 0 . , OOH 
%t\ N i fcMn«Kftlfttfctt*Kfl3ftSrff* L<ffl 
v^ifc*«T#S. Srfc. fftSjcSSfc LTM ( M(4T 

i , C r. Fe, Co. Cu. Zn, Al. Gefc<ktf 
SnA»i5>*4»J:»)a!fl?S*lfeia£Ui<07C*> S:** 

< fc fc N i fc J: M n ££tl*^rt£*i: . Li£Ofti 
Hit. M£^*^i,ft^i:£m^LT^-rS;fct 

(f . N i J;yM n t £ fcfcM#£W3ilfc*£te£ft 

ftfctJft* N i . Mnfcit/McoMJtii:. atoft&y 

^ j*ttm£ffimm&izm txmmiR-ttuf t 

[0047] tfc. ±!BL i cO-fb^ftfc LTJ4. S^O 

^A. UftUf-^A, S^U^A. ^xvl'Jf) 
A. 7-y€'J-?-^A. a^t'Jf-^A. ILSt'J^-^A. 
^j-^KUf-^A. y>ig'j^-->A. tvi^b'yguf-^ 

feO+Tfe. KSXfx. «BRIHlSli!$:iftf> 

[0048] ±KW>&< k t N i fcitf M n $r«fi!c7C 
St LX^tim-^it^t , Li<7>(t£ftfcSi. 

wt-ri. y f">A-Mr»*iMis«i«iijRjcjB tJtit*f. 

T"i5j;-e7 0 0-1 1 OO*Cfl~2 4^0^-r^^-- 

[0049] JblBM«K*fc-?"roJ«R«® t LTli. 
iOifiV^ittS (fc e k-?-2 5 0-8 5 0-C) 

w ^n<4. *»iw^yf-^A**a^iMi:fto4jaa 
nzmmtmt ix-^tsm^t^k^Rmmmmz 
mmi&tfctht^Lhtihfrhxhh. t%*>*>. 

'^£< t h N i fc it/M n £«^7C*i: LT 4rtf«-&ft 
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<W$l$lt<fttzVimZtili><?)X'li%\,W* as. o. 5 
^3 0«fflIBarci¥£tfJ:v>. 
[ 0 0 5 0 ] MEL i <Dit^t^< tttNi 

LXXyV-mzL, ittiM^-^5/l/5ri:T'3 0-6 

Zt>t,zm&&<7)Xitf& U\ 
[005 1] ±IEjDf^acO#il^i: LTf±, 

^tti»^t»TiTttfj:i». mm%*cr)wmc7)m^ 
[0052] jjBtfxoauu L-cut, mang* 1 0 

0 g gfc i) 1 d m»/»£Uitt4<o*qff* L < . 1 - 

5 drnvfl-au u>. /fxmMm-^t^, 

•?tcfr%*}xffi&tfms ^ntelzte . KJC*cp%-t jiff 
U Mn 2 0 3 ^L i 2 Mn0 3 ^i;-c7)^»^t^-r 

[00 53] ia±»<fc J: 3 *)%htlhim 

[0054] jEffiti. usu f-^^-i-^ra^-Kttt . 
St*itf , WttRIUB s 7-fe f - y 7 y »/ 9 % b'com^ 

tnttm^zfr. h&\mMw*k ixoftmrn* 
h mmzm^tti it , mbt-mtixm^ 
h. mwttx\±. mm. t^s-^a, x^yux 

M. m%t'<7)£S,<DM. J*>1->7X9iV. x 

*X)1>YX?1\s, 7*-&X*t\>. &m&zi£*m^ 
ZZttfX'ZZ,. 

[0055]^, jEMimnt ixa, iieu^A 
h&wm<7>%®i«tv>&&fatLxm^& 

WZti. 1&mm&ft±.Zit2>ZttfX'*h. 
•>^*«-3^MMS»k LTI1. LiCoO 2 <0ll 
C oO-SBfcf&OjG*, «itfN i TBSILTtL i C o 
,. t N i t O 2 fc£<0ffc^iJf|vv6 ZC0 



najfcmx~m«£ftcD5o%&.Tb?z&mm 

[ 0 0 5 6 ] ±M&EmbttlftZ-£Zn.&<?m®'g 

JflHWl**, *<OUf">A**ft^*i:LTJi, Li 
-Al^, Li-Pb^A. Li-In^t, Li- 
Ga£&&i'cO'JiK?Ai^?\ Si, Sn s Mg-S 

i yf-^t^A*»iats;fc Affined 

tih. S&fc, Sngtt, S i l^ft&i'<«M^ 

±M?.?>im<7)ttmm-&<tuzi>co£m^xi>£<. g 

[0057] ±KEffifcflffitt5ff§vS%Uc0Jt^fc L 

1. 5-3. Sb-t&ZbizX*)^ ±ie'Jf->A^Wa 
L-s nmftty'MblX. Vj"?£,b&&ZBl%?Z>Zb 

mcoMM.) / (mmnmm) =A-ib-th^ 
[0058] *%.tycr>#7k-<xmmi,ztiti& i^mm^ 

Wz&m j £tzX<J'?- , m'&Zb'Zm^h Z b VX'Z 

h. *<7Mtm$>z>wixw-wMmz<kttizim 
o%mkz-XT)VbLx\i. mm. ~j*i-)Vi]-x* 

»^fw . t s> h v 2 aeuit 8» L 
©Kx^^^^rtaaasE+o 5 o *«%ja±£ 

£ btm i L< , «ffc««xxf^*^*»««4«<06 

[0059] fc«L, «IHHKj: LTii. ±fE«*xx 

^±I2S(«XXT/KCf^3E$<OiSV^ : 3 0W 

±) x^x/USrS^LTfflV^S^fc^ifiL^. Z<7)£ 
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K 7'neuy#-**-h&fc*oStt«goxxx/l' 
[0060] J; a ^l^Jlvvn^fW, JHI 

T#J: 9#4 Lt\ 

[ o o 6 i ] ifc. lieilfOiluxafWM:f 
ffl«TIB4«lli: LTtt, 1. 

l. 3-y«V7y, f h7tHn77y. 2 

[0062] «WHIic»ff $«&«Mt2: LTfcL 01 

LiCIO,, Li PF 6 . L i B F 4 . L i As 
F 6s Li SbF 6 , LiCF 3 S0 3 , LiC 4 F 9 S 
0 3 , L i CF 3 C0 2s L i 2 C 2 F 4 ( S0 3 ) 2s L i N 

(CF 3 S0 2 ) 2 . LiC (CF 3 S0 2 ) 3 , L i C„F 
2nM S0 3 ( n s 2 ) %}£tfWtoC*iZ\t2W&±8& 

WTti*^**, 0. 3-1. 7mo 1/dm 3 , 
0. 4~~1. 5m o l/dm*g«a*ff4U>. 
[0 0 6 3 ] 4fc, Wfi<^^fl«»JWH*tttl<lhS* 

V\ ^^mt-^Mt LTti, i^n^x/l^y-fe'y^ 

[0064] W\s-9t LXlis ^S* s 3E7>T'L*»t> 

f>, 5~5 0;um<7)JI$T\ ^'JTntVylSL ^'Jx 
f-u-ygL rut°i/yfcx?-i^yi<9£Sitrfr&fcV);K 
Wi/7< ySwSBLtt? -f ;UA^«^rt'*W4 L 
<m^htlh. mz, 5~2 0jumt«V^^U-^S: 

m^-t^-?&m^xi>£j£ixnmmmzithc\ 

ttfX'^h. 
[0065] 

immm: mz. *mmimtzwxmtth. fe 



[0066] ( 1 ) KJGSSrt MJ >7 
AiOaaDtAOpHSrttl 2\,zW&Ltz7y^-T^ 

fcJtfi^ytfVfc-Wl-WU mo l/dms-fo* 

-etL-ftl4 6 c m3/^fcJ:lX3 . 3 c m*/ft<rm&X° 

gAxyyzm^xmTi. n i tMnco&mt&faz 

L, 4fc, R*6ffi<OpH3&«ttl2fta£t:«a*SixSJ:3 
(C N 3. 2mo l/dm3«0?lJgc07j<iE-fl:^h l J'>A7K 

1 d m*/ftmfeX'*-i?i,*j:tfbRm*ttz. 
[0067] '&t>titz£.fmz*ik. FrntiXx/mSiZ 

•tt, NitMn^l : 1 ^SteT^tl^IS"^*: 
L. ^OTklHtttSjO. 2molt, 0. 1 9 8mo ltfO 
L i OH • H 2 Oi?rffIL, -?-co^%Srx^y-;P 

wc; ^oig^^T;US-Mkoi.omcAfL, 1 dm 

2 « Bftft-f 6 <! fc J: v ^ffiiD^^ fr v \ $ fc 1 0 

0 CCKffffl IX 1 2 B*TO£-f l> £ t fc J: 0 'Jf"7A ,. 

[0068] JJHHHtW>»tt&ovvt, JSHP«*$Mfr 
SaK3iJSt»eLfci:i*. L i 0 . 99 Ni 0 . 5 Mn o . 5 
0 i X'$kZixh&i8X'b&Zk&bfr'>fi:. JJE 

-««1K»/J^S»«3t« "3T-05" (ft*m») CO 
BL4 t'-Atf , -b£ffiVvt. Mn<7)XH©lR^7t (X 
AS) fcffofc. fthtiKT-fnmtirli. CJour 
nal of the Electrochemical Society, 146 P2799-2809 
(1999)] HffiV7h "REX" (<J#?1t 

mm) zm^x'tt^tc. ttz. ^mt^^Mncomm 

i^thtzMz, Wm+r>7)\>lLX. Mn0 2 ijJ: 
t/LiNi,. 5 Mn u5 0, ( ift>4>fc 3 l I %fll3»* t 4fiB<0 
MnSr^r-tift^t LTWS^-9-yr^) . LiMn 
2 0 4 (^N»fl0K^3. 5ffl<?)Mn&*tSfl:^*i:LT 
OfWS-fryTVl") > L i MnO;iiJ;Wn 2 0 3 

r/KOM n CT)K®TO14ai: M n <F><mit<r)Wi&&$ 
0»ltt»fe«ft. JJE^^IlKOMnWKfllJRSIfflM**. 
Mn0 2 i>J:t;L i N i 0 . 5 Mn 1 . 5 O,<7)K©JRffiiaai: 

[ 0 0 6 9 ] N i toV^Tti, 3fiJiLhcON i 
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ft. *ftfiB»*iEl|tc*ft4ifcU-C*ir*>-53fe*«. ¥ 
2 <I<ON i £#^Sft£?refc6N i Ofeiy 
L i N i o. 5 M n, . 5 0 4 k KtRJRJfgftfijWHi^ tX'h 

[0 0 7 0] (3^2)ltttmfcmR(cL?&&L 
fc N i fc M n Sr 1 : 1 <OW^-C**T 4*BMUft| 0 . 1 
98raolL 0. 2 0 2mo 1 c7)L i OH ■ H 2 Ot 
Srff * U UlTSSttW 1 £ nflUz LTL i i. oi N i 
0. 495 Mn 0 ., 98 O,T*S/lSyf->A**a^iMb«j 

[oo7i] (mmm3)mmmitmmzLx^L 

tz N i k M n & 1 : 1 OflteT**?* *IHfcflj 0 . 1 
96molfc„ 0. 204mo 1 £OL i OH • H 2 Ot 

mmi, armmmi tnmizixh i,. 02 N i 0 . 49 

Lfc. 

[0072] ( ) H»J 1 fc ftftc LT-^-fiSiL 
fcN i t M n £ 1 : 1 O*J&^frt&*Kfl3IJ|0 . 1 
94molt, 0. 206mo l<7)LiOH • H 2 Ot: 

mmi. OTHJiMifc^(cLTLii. 03 Ni 
[0073] mmrns > aatwi fcrawcLx^isi, 

fcNihMnSrl : 1 <^£?£^S*ijHl5foO . 1 
92molfc N 0. 208mo 1 <7)L i OH • H 2 Oi; 
5rML. WT»S01J 1 k R«£ LTL i ,. „N i 0i 48 

m n„. 48 o 2 x'mzti$, VTuis^m^m-im^s& 

[0074] mmm6 ) mm i t ishhk lt^l 
^NitMnsi : i <m^x^-th^mmo . 1 

9moli, 0. 2 1 mo 1 C7)L i OH - H 2 Ofc^ff 
AU laT^Jfeffll fc^StLTLiLosN i 0 . 4 75 M 

n 0 . 4 75 o 2 x-m ti& y A^^ra^igfttt s-^Bg l 

[0075] (»Sfi?ij7 ) SSK-^/k ig&vytfy 
0. 9 mo \/dm3&£V0. 2 m o 1 /d m 3 cOfiJ-£- 

TMri-sa^^cjwt^an 5, kvmtmkm 1 1 

IBISH- LT , N i . MnfcJ:i>'Co£4 . 5:4. 5 : 
MlZlXL io.sgN i 0 . 45 M n 0 . 46 C o 0 . , 0 2 T*ji$;ft 

h vTu^-m^mtm^itz. 

[0076] mmms ) ss-v^k mt?y/fy 

teXlfW&ZrtjUbZZilftlO. 75mol/d 
m 3 . 0. 7 5mo!/dm 3 fcJ;t>'0. 5mol/dm 

Wffll kW\ffilZlX. L i 0 . 99 N io. 37 5 Mn 0 . 375 Co 



[0077] (S3fe04 9 ) 858- 7 ll-7>*'y 
fcit^Kn^'/Uh^-etl-ptlO. 67mol/d 
m 3 . 0. 6 6mo l/dm 3 fcJ;tN'0. 66mol/d 

m 3 <om£x-$ii?m&mm$:muzzkumt 
mmm 1 1 i^tt it . l i 0 . 99 n i „. 34 m n„. 33 c o 
o. 33 Ozx-mztii yf-?A**»£BKbft££kL 

[0078] (Htm l o ) 13£ii--y^k Si7y# 
>*J«J:yi5Ei!rjys>h Sr-Hl-efto. 6mol/d 
m 3 . 0. 6mo 1 /d m 3 i5J:tf 0 . 8mol/dm 3 

Ml kWimzlX, L i 0 . 99 N i 0 .3Mn 0 . 3 Co 0 4 0 2 

[007 9] (Jt8$fll) 0. 2 mo l ff)L i OH • H 
z Ok. 0. 2mo l CDMnOOHkS-fffiU MEM 
^-;US;PT3 O^ii^LTii-^t U <rft£7/P 
S^ttoSofffc.M'U 1 dm 3 /^M*»,»S*T-4 
5 OXlX'l OBSHM&SU L i M nO z X'3k%tl&®1] 

[0 080] (ttlttM2)iatHli:railfcUT-SjfiL 
fcN i t M n£ 1 : 1 com^X't^t^m^O . 1 
8molt. 0. 2 2mo 1 COL i OH • H 2 0> £ft 
*L. £LT9GttM 1 1 [sHSKLT L i , N i „. 45 M n 

o. *5 o z x'mti& y Tu&ws.ismmZ'&tfL i 
[oo8i] ( mm 3 ) mi- 7 «irv > 

feit^K^N'^hSr-f-tL-ffLO. 5mol/dmS, 
0. 5mo l/dm 3 fcj;rj; i mo 1 /dm 3 <7)Sii-&T-# 

^■thn&mw&wr itzz k mummm 1 a rik 

(CLT. L i 0 . 99 N i 0 . 25 M n 0 . 25 Co 0 . 5 O 2 T'i$?\ 

[0082] ( mm4 ) KK - 7 «Kv y 

fcitf^n^h^ft^fiO. 4mol/dm 3 . 
0. 4mo l/dm 3 i5j;7j:i . 2 m o 1 / d m 3 (DWl^ 

x-tfttz a^*»?R*sT LJt £ kwvimmm 1 1 

|5]«{CLT. L i 0 . 99 N i 0 . 2 Mn 0 . 2 Co 0 . 6 O 2 t'^$ 
ill. y**A£SS£BHl3ft££jS Ut. 
[0083] ( Jt»W5 ) mi-v*)VtiZ:lHm-?y 
tf>£Ztl?tlO. 5 mo l/dm 3 fcj;7yi . 5 mo 

1 /dm*<m&?tt-?hm.-0!?i$mzffirit:zk 
mmmmm 1 1 mtc lt , l i „. 99 n i „. 25 m n 
0. nOtX-mziii y TUftum-smimiistfL i 

tc. 

[0084] ( imm 6 > mmm i tm&mt- v *r 

IV k m?? >tr><7)m&£ ZtlZtL l . 2 m o 1 /d m 

3 . 0. 6mo \/dm*kiizc\k\m\mwmikn 

miZlX. Li 0 . 99 N i 0 .6Mn 0 . 3 Co 0 .iO 2 T*^SiX 

hVTu^m^mtm^itz. +%b*>* m 
memTu-t^^mtmt. mmikitn i k 

M n <04Jtft***S=Sr S t c7)T$> S . 
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[0085] 0. 2mo 1 <7>L i OH ■ H 2 

Oh, 0. ImolCDNi (OH) 2 _, 0. 1 m o 1 
tf)MnOOHi£fffiU 5 /kt' 3 0 flftU 

ft, 8 0 0KWSZ.tBArCl 0B$[§Ml&L, LiNi 0 . 5 
M n 0 . 6 O 2 <0fflJftTSl$ilS 'Jf->A_W^i 



[0086] GfRUzlgmSm 1-1 0, Jt<R0U- 

6 „ zvmmco _ y a _ * « „in_ftco-„._ s 

[0087] 
K«l] 
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0. 01 


0.01 
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0.03 
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0 
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0.O4 


0.04 
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0 


*B«B 


L 1 #l N 1 4t S Ma 0 . U( 0, 


D.05 


0.05 


0 


0 


£_«7 


L i ,,N i „Mn,. 48 
Co, ,O a 


0 


-0.01 


0.1 


0 




L i p. >,N 1 , 7S Mtt 0 . JJfc 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] General formula Lil+x+alphanickel(l-x-y+delta)/2Mn(l-x-y-delta)/2My02[ It 
corrects. It is 0<=x<=0.05, -0.05 <= x+alpha <=0.05, 0<=y<=0.2 5 and -0.1<=delta<=0.1. 
M — Co — or — Co — Ti — Cr — Fe — Cu — Zn — aluminum — germanium — and — Sn — 
from — becoming -- a group — from — choosing — having had — one — a sort — more than 

- an element - ] - expressing - having - a presentation — having -- and -- the -- true 
density -- 4.55 - 4.95 -- g/cm - three -- it is - things — the description --**-- carrying 
out - a lithium — content — a multiple oxide . 

[Claim 2] General formula Lil+x+alphanickel(l-x-y+delta)/2Mn(l-x-y-delta)/2My02[ It 
corrects. It is 0<=x<=0.05, -0.05 <= x+alpha <=0.05, 0<=y<=0.2, and -0.1<=delta<=0.1. 
M — Co — or — Co — Ti — Cr « Fe — Cu — Zn — aluminum - germanium — and — Sn — 
from — becoming — a group — from — choosing — having had — one — a sort — more than 

- an element - ] — expressing - having - a presentation — having - and - CuK — alpha 
rays — having used — an X diffraction - measurement — setting — When angle-of- 
diffraction 2theta sets to 118 and 144 addition reinforcement of the diffraction (003) peak 
which exists near 18 degree, and the diffraction (104) peak which exists near 44 degree, 
respectively The lithium content multiple oxide characterized by the ratios 144/118 being 
0.9<I44/I18<=1.2. 

[Claim 3] The lithium content multiple oxide according to claim 1 or 2 whose M it is y> 
0 in said general formula, and is Co, or Co and aluminum. 

[Claim 4] The lithium content multiple oxide according to claim 1 to 3 which is -0.015 
<= x+alpha <=0.015 in said general formula. 

[Claim 5] The lithium content multiple oxide according to claim 1 to 4 whose true 
density of said lithium content multiple oxide is three or more 4.7 g/cm. 
[Claim 6] The lithium content multiple oxide according to claim 1 to 5 whose 
quantitative ratio of nickel and Mn is 1:1. 

[Claim 7] The lithium content multiple oxide according to claim 1 to 6 whose average 
valences of Mn are 3.3 - tetravalence. 

[Claim 8] The lithium content multiple oxide according to claim 7 whose average valence 
of Mn is tetravalence mostly. 

[Claim 9] The lithium content multiple oxide according to claim 1 to 8 whose average 
valence of nickel is divalent mostly. 



[Claim 10] General formula Lil+x+alphanickel(l-x-y+delta)/2Mn(l-x-y- 
delta)/2My02[ It corrects. It is 0<=x<=0.05, -0.05 <= x+alpha <=0.05, 0.2< y<=0.4, and 
-0.24<=delta<=0.24. M Co - or -- Co - Ti -- Cr - Fe -- Cu - Zn - aluminum « 
germanium - and -- Sn from - becoming - a group -- from - choosing - having had - 

- one - a sort -- more than -- an element -- ] -- expressing - having -- a presentation - 
having - and - the - true density -- 4.75 - 4.95 - g/cm -- three it is -- things - the 
description - ** ~ carrying out - a lithium - content - a multiple oxide . 

[Claim 11] General formula Lil+x+alphanickel(l-x-ytdelta)/2Mn(l-x-y- 
delta)/2My02[ It corrects. It is 0<=x<=0.05, -0.05 <= x+alpha <=0.05, 0.2< y<=0.4, and 
-0.24<=delta<=0.24. M - Co - or - Co - Ti - Cr Fe - Cu - Zn - aluminum - 
germanium - and - Sn - from - becoming - a group - from -- choosing - having had - 

- one -- a sort - more than - an element - ] - expressing - having - a presentation -- 
having - and - CuK ~ alpha rays - having used - an X diffraction - measurement - 
setting - The lithium content multiple oxide characterized by the ratios 144/118 being 0.7 
<=I44/I18 <=1 when angle-of-diffraction 2theta sets to 118 and 144 addition 
reinforcement of the diffraction (003) peak which exists near 18 degree, and the 
diffraction (104) peak which exists near 44 degree, respectively. 

[Claim 12] The lithium content multiple oxide according to claim 10 or 1 1 whose M is 
Co, or Co and aluminum in said general formula. 

[Claim 13] The lithium content multiple oxide according to claim 10 to 12 which is - 
0.015 <= x+alpha <=0.015 in said general formula. 

[Claim 14] The lithium content multiple oxide according to claim 10 to 13 whose 
quantitative ratio of nickel and Mn is 1 : 1 . 

[Claim 15] The lithium content multiple oxide according to claim 10 to 14 whose average 
valences of Mn are 3.3 - tetravalence. 

[Claim 16] The lithium content multiple oxide according to claim 15 whose average 
valence of Mn is tetravalence mostly. 

[Claim 17] The lithium content multiple oxide according to claim 10 to 16 whose average 
valence of nickel is divalent mostly. 

[Claim 18] General formula Lil+x+alphanickel(l-x~y+delta)/2Mn(l-x-y- 
delta)/2My02[ It corrects. It is 0<=x<-0.05, -0.05 <= x+alpha <=0.05, 0.2< y<=0.4, and 
-0.24<=delta<-0.24. M - Ti - Cr - Fe - Co - Cu - Zn - aluminum - germanium - 
and - Sn - from — becoming - a group - from - choosing - having had - one - a sort 

- more than - an element - ] - expressing - having - a presentation - having - nickel 

- Mn - and - M — a quantitative ratio 1 : 1 : 1 — it is — or - or - the - near ~ it is -- 
things ~ the description - ** « carrying out - a lithium - content - a multiple oxide . 
[Claim 19] The lithium content multiple oxide according to claim 18 whose M is Co, or 
Co and aluminum in said general formula. 

[Claim 20] The lithium content multiple oxide according to claim 1 to 19 formed by 
calcinating the conjugated compound in which said lithium content multiple oxide 
contains nickel and Mn as a configuration element at least or the conjugated compound - 
which contains nickel, Mn, and M as a configuration element at least, and the compound 
of Li. 

[Claim 21] The lithium content multiple oxide according to claim 20 said whose 

conjugated compound is one sort chosen from oxide and a hydroxide. 

[Claim 22] The manufacture approach of the lithium content multiple oxide characterized 



by forming the multiple oxide of the same layer structure as LiNi02 by mixing the 
conjugated compound which contains nickel and Mn as a configuration element at least, 
and the compound of Li by the predetermined ratio, carrying out preheating of this at the 
temperature of 250-850 degrees C for 0.5 to 30 hours, and calcinating with a burning 
temperature still higher than the temperature at the time of said preheating. 
[Claim 23] The manufacture approach of the lithium content multiple oxide characterized 
by forming the multiple oxide of the same layer structure as LiNi02 by mixing the 
conjugated compound which contains nickel and Mn as a configuration element at least, 
and the compound of Li by the predetermined ratio, carrying out preheating of this at the 
temperature of 250-850 degrees C in the ambient atmosphere containing oxygen, and 
calcinating with a burning temperature still higher than the temperature at the time of said 
preheating. 

[Claim 24] The manufacture approach of a lithium content multiple oxide according to 

claim 22 or 23 that said burning temperature is 700-1 100 degrees C. 

[Claim 25] The manufacture approach of the lithium content multiple oxide according to 

claim 22 to 24 which in mixing the conjugated compound which contains nickel and Mn 

as a configuration element at least, and the compound of Li by the predetermined ratio 

distributes said compound to a solvent and is made into the shape of a slurry. 

[Claim 26] The manufacture approach of the lithium content multiple oxide according to 

claim 22 to 25 characterized by performing said baking in the ambient atmosphere 

containing oxygen. 

[Claim 27] The manufacture approach of a lithium content multiple oxide according to 
claim 22 to 26 that said lithium content multiple oxide has the presentation expressed 
with general formula Lil+ x+alpha nickel (1-x+delta) / 2Mn (1-x-delta) / 202 [however, • 
it is 0<=x<=0.05, -0.05 <= x+alpha <=0.05, and -0.1<=delta<=0.1]. 
[Claim 28] The conjugated compound which contains at least nickel, Mn, and M 
[however, one or more sorts of elements chosen from the group which M becomes from 
Ti, Cr, Fe, Co, Cu, Zn, aluminum, germanium, and Sn] as a configuration element, By 
mixing the compound of Li by the predetermined ratio, carrying out preheating of this at 
the temperature of 250-850 degrees C for 0.5 to 30 hours, and calcinating with a burning 
temperature still higher than the temperature at the time of said preheating The 
manufacture approach of the lithium content multiple oxide characterized by forming the 
multiple oxide of the same layer structure as LiNi02. 

[Claim 29] The conjugated compound which contains at least nickel, Mn, and M 
[however, one or more sorts of elements chosen from the group which M becomes from 
Ti, Cr, Fe, Co, Cu, Zn, aluminum, germanium, and Sn] as a configuration element, By 
mixing the compound of Li by the predetermined ratio, carrying out preheating of this at 
the temperature of 250-850 degrees C in the ambient atmosphere containing oxygen, and 
calcinating with a burning temperature still higher than the temperature at the time of said 
preheating The manufacture approach of the lithium content multiple oxide characterized 
by forming the multiple oxide of the same layer structure as LiNi02. 
[Claim 30] The manufacture approach of a lithium content multiple oxide according to 
claim 28 or 29 that said burning temperature is 700-1 100 degrees C. 
[Claim 3 1] The manufacture approach of the lithium content multiple oxide according to 
claim 28 to 30 which in mixing the conjugated compound which contains nickel, Mn, and 
M as a configuration element at least, and the compound of Li by the predetermined ratio 



distributes said compound to a solvent and is made into the shape of a slurry 
[Claim 32] The manufacture approach of the lithium content multiple oxide according to 
claim 28 to 31 characterized by performing said baking in the ambient atmosphere 
containing oxygen. 

[Claim 33] said lithium content multiple oxide - general formula Lil+ x+alpha nickel(l- 
x-y+delta)/2Mn(l-x-y-delta)/2My02 - [ - however It is 0<=x<=0.05, -0 05 <= x+alnha 
<=0.05, 0< y<=0.2, and -0. l<=delta<=0. 1 . M - Ti - Cr - Fe - Co - Cu - Zn - 
aluminum - germanium - and - Sn - from - becoming - a group - from - choosing - 
having had - one - a sort - more than - an element - ] - expressing - having - a 
presentation - having - being according to claim 28 to 32 - a lithium - content - a 
multiple oxide - manufacture - an approach . 

[Claim 34] said lithium content multiple oxide - general formula Lil+ x+alpha nickelfl- 
x-y+delta)/2Mn(l-x-y-delta)/2My02 - [ - however It is 0<=x<=0.05, -0 05 <= x+alpha 
<-0.05, 0.2< y<=0.4, and -0.24<=delta<=0.24. M - Ti - Cr - Fe - Co - Cu Zn 
aluminum - germanium - and - Sn - from - becoming - a group - from - choosing - 
having had - one - a sort - more than - an element - ] - expressing - having - a 
presentation - having - being according to claim 28 to 32 - a lithium - content - a 
multiple oxide -- manufacture -- an approach . 

[Claim 35] The manufacture approach of the lithium content multiple oxide according to 

claim 22 to 34 which makes the average valence of said Mn 3.3 - tetravalence 

[Claim 36] The manufacture approach of the lithium content multiple oxide according to 

claim 3 5 which makes the average valence of said Mn tetravalence mostly 

[Claim 37] The manufacture approach of the lithium content multiple oxide according to 

claim 22 to 36 which makes the average valence of said nickel divalent mostly 

[Claim 38] The manufacture approach of a lithium content multiple oxide according to 

claim 22 to 37 that said conjugated compound is one sort chosen from oxide and a 

hydroxide. 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the lithium content multiple oxide which 
can be used for the positive-electrode ingredient of a nonaqueous rechargeable battery 
etc., and its manufacture approach. 
[0002] 

[Description of the Prior Art] In recent years, with development of portable electronic 
equipment, such as a cellular phone and a notebook sized personal computer, utilization 
of an electric vehicle, etc., it is a small light weight and the rechargeable battery of high 
capacity has come to be needed. The nonaqueous rechargeable battery represented by the 
lithium secondary battery which used LiCo02 for the positive electrode and used the 
carbon system ingredient for the negative electrode as a high capacity rechargeable 
battery which meets current and this demand is commercialized. I hear that said lithium 
secondary battery has a high energy density, and can attain small and lightweight-ization 
and it attracts attention as a power source of portable electronic equipment 
[0003] LiCo02 currently used as a positive-electrode ingredient of this lithium secondary 
battery is used abundantly as a suitable active material from manufacture being easy and 



handling being easy. However, since LiCo02 is manufactured considering Co which is a 
rare metal as a raw material, it is expected that materials shortages will become serious 
from now on. Moreover, the price of cobalt itself is also high, since price fluctuation is 
also large, it is cheap and development of the positive-electrode ingredient whose supply 
is stable is desired. 

[0004] For this reason, as a positive-electrode ingredient for lithium secondary batteries, 
it replaces with LiCo02 and promising ** of the ingredient of a lithium manganic acid 
ghost system is carried out. Also in it, Li2Mn 409 which is the lithium manganic acid 
ghost of spinel type structure, Li4Mn 5012, LiMn 204, etc. attract attention, and 
research is especially done briskly from charge and discharge being possible for LiMn 
204 in the electrical-potential-difference field of the 4V neighborhood to Li (for example, 
patent reference 1, patent reference 2, patent reference 3, and patent reference 4 
reference.). 
[0005] 

[Patent reference 1] JP,6-76824,A [0006] 
[Patent reference 2] JP,7-73883,A [0007] 
[Patent reference 3] JP,7-230802,A [0008] 
[Patent reference 4] JP,7-245106,A [0009] 

[Problem(s) to be Solved by the Invention] By the way, although the theoretical discharge 
capacity of LiCo02 is 274 mAh/g, since LiCo02 will cause a phase change and will 
affect a cycle life if deep charge and discharge are performed, in a actual lithium 
secondary battery, a practical discharge capacity becomes the range of 125 - 140 mAh/g. 
[0010] On the other hand, although the theoretical discharge capacity of LiMn 204 is 148 
mAh/g, since the irreversible capacity of a carbon system ingredient is large when a 
lifting is used into charge and discharge and a carbon system ingredient is used for a 
negative-electrode active material for a phase change like [ this LiMn 204 ] LiCo02, the 
discharge capacity which can be used when it considers as a cell actually will decrease to 
90- 105 mAh/g extent. When using LiMn 204 as positive active material so that clearly 
also from this, cell capacity cannot be made larger than the case where LiCo02 is used as 
positive active material. 

[001 1] Moreover, when the true density of LiMn 204 is 4.0 - 4.2 g/cm3 and a quite low 
value and the restoration nature as positive active material is considered to the true 
density of LiCo02 being 4.9-5.1 g/cm3, disadvantage will be further produced in 
respect of capacity. 

[0012] Furthermore, in the lithium secondary battery using LiMn 204 as positive active 
material, since the structure of 20LiMn4 the very thing in charge and discharge is 
unstable, the problem of being worse than a LiCo02 system cell also has a cycle property. 
[0013] In order to solve such a problem, examination which uses as a positive-electrode 
ingredient the lithium manganic acid ghost of the shape of a layer, such as LiMn02, 
which has structure which is different in LiMn 204 is also performed. However, as a 
result of this invention persons' performing examination detailed about this oxide, it 
traced that physical properties, such as that structure, property, etc., changed notably 
according to the process until the existence and the class of element which constitutes an 
oxide in addition to a presentation especially Li, and Mn of a compound, a quantitative 
ratio, and its oxide are formed etc. 

[0014] For example, when the presentation of a spinel mold lithium manganic acid ghost 



(LiMn 204) is changed and the average valence of Mn approaches trivalent, distortion 
arises in the crystal structure of the above-mentioned oxide, and a lifting and LiMn02 are 
formed in ****** ina phase change from cubic Spinel structure. Since it is generated in 
connection with the charge and discharge in the potential field of the 3 V neighborhood to 
a lithium, the phase change from this cubic to ****** cannot do the same usage as the 
above-mentioned lithium secondary battery by which charge and discharge are carried 
out on the electrical potential difference of about 4v. 

[0015] Moreover, when the configuration mole ratio (Li/Mn) of Li and Mn is set to 1, the 
crystal structure of LiMn02 shows orthorhombic system for the Jahn Teller effect by 
trivalent Mn. 

[0016] Charge and discharge are electrochemically [ Li quantitative ratio / in 0-1.0 ] 
possible for this compound (LiMn02), and a theory top serves as discharge capacity of 
about 285 mAh/g. However, since phase transition happens to spinel type structure as the 
rate of tetravalent Mn increases at the time of initial charge, the configuration from which 
an early charge-and-discharge curve and the charge-and-discharge curve of the 2nd 
henceforth differ is not only shown, but the discharge capacity at the time of stopping 
discharge on the electrical potential difference beyond 3.5V decreases considerably rather 
than a theoretical value. Furthermore, since the structural change accompanied by 
migration of Mn is produced in charge and discharge, it is lacking in cycle endurance, 
and has the problem of rapid charge and discharge not being made. 
[0017] Therefore, in order to put the lithium manganic acid ghost of the shape of a layer, 
such as LiMn02, in practical use, technical problems including the endurance in 
stabilization of the crystal structure, high-capacity-izing by the reversible improvement 
by charge and discharge, and a charge-and-discharge cycle needed to be solved. 
[0018] It is characterized by offering the nonaqueous rechargeable battery which this 
invention was made as a result of repeating research wholeheartedly that said 
conventional problem should be solved, and whose structure was stable, was excellent in 
the reversibility of charge and discharge, and the endurance over a charge-and-discharge 
cycle, and was excellent in endurance, such as offering a lithium content multiple oxide 
with the high energy density per volume, and a cycle property which used this for the 
positive electrode further. 
[0019] 

[Means for Solving the Problem] this invention ~ general formula Lil+ x+alpha 
nickel(l-x-y+delta)/2Mn(l-x-y-delta)/2My02 - [ - however It is 0<=x<=0.05, -0.05 <= 
x+alpha <=0.05, 0<=y<=0.2, and -0.1<=delta<=0.1. M - Co - or - Co - Ti - Cr - Fe - 
Cu - Zn — aluminum — germanium — and — Sn — from — becoming - a group - from — 
choosing — having had - one - a sort ~ more than — an element — ] -- expressing - 
having - a presentation - having - and — the - true density - 4.55 - 4.95 - g/cm - 
three — it is - a lithium - content — a multiple oxide providing — a thing — it is . 
[0020] Or when addition reinforcement of the diffraction (003) peak to which it has the 
presentation expressed with the above-mentioned general formula, and angle-of- 
diffraction 2theta exists near 1 8 degree in the X diffraction measurement using CuK 
alpha rays, and the diffraction (104) peak which exists near 44 degree is set to 118 and 
144, respectively, the ratios 144/118 offer the lithium content multiple oxide which is 
0.9<I44/I18<=1.2. 

[0021] moreover - as a mode with this invention different from the above — general 



formula Lil+ x+alpha nickel(l-x-y+delta)/2Mn(l-x-y-delta)/2My02 -- [ ~ however It is 
0<= x <=0.05, -0.05 <= x+alpha <=0.05, 0.2< y<=0.4, and -0.24<=delta<=0.24. M -- Co - 
or - Co - Ti — Cr Fe — Cu - Zn - aluminum - germanium — and — Sn — from - 
becoming — a group — from — choosing — having had — one — a sort — more than - an 
element -- ] — expressing — having - a presentation -- having - and — the — true density 

- 4.75 - 4.95 - g/cm -- three -- it is -- a lithium - content -- a multiple oxide - providing 

- a thing -- it is . 

[0022] Or when addition reinforcement of the diffraction (003) peak to which it has the 
presentation expressed with the above-mentioned general formula, and angle-of- 
diffraction 2theta exists near 1 8 degree in the X diffraction measurement using CuK 
alpha rays, and the diffraction (104) peak which exists near 44 degree is set to II 8 and 
144, respectively, the ratios 144/118 offer the lithium content multiple oxide which is 0.7 
<=I44/I18<=1. 

[0023] moreover — as mode with still more nearly another this invention — general 
formula Lil+ x+alpha nickel(l-x-y+delta)/2Mn(l-x-y-delta)/2My02 — [ — however It is 
0<=x<=0.05, -0.05 <= x+alpha <=0.05, 0.2< y<=0.4, and -0.24<=delta<=0.24. M - Ti - 
Cr - Fe - Co — Cu Zn - aluminum — germanium - and — Sn — from — becoming — a 
group -- from — choosing - having had — one — a sort — more than — an element — ] — 
expressing — having — a presentation -- having — nickel — Mn — and — M — a 
quantitative ratio 1:1:1 — it is — or - or - the — near - it is — a lithium — content - a 
multiple oxide - providing - a thing - it is . 

[0024] Furthermore, this invention offers the following manufacture approaches as an 
approach of compounding the above-mentioned lithium content multiple oxide. 
[0025] That is, the manufacture approach of the lithium content multiple oxide 
characterized by forming the multiple oxide of the same layer structure as LiNi02 is 
offered by mixing the conjugated compound which contains nickel and Mn as a 
configuration element at least, and the compound of Li by the predetermined ratio, 
carrying out preheating of this at the temperature of 250-850 degrees C for 0.5 to 30 
hours, and calcinating with a burning temperature still higher than the temperature at the 
time of said preheating. 

[0026] Moreover, the manufacture approach of the lithium content multiple oxide 
characterized by forming the multiple oxide of the same layer structure as LiNi02 is 
offered by mixing the conjugated compound which contains nickel and Mn as a 
configuration element at least, and the compound of Li by the predetermined ratio, 
carrying out preheating of this at the temperature of 250-850 degrees C in the ambient 
atmosphere containing oxygen, and calcinating with a burning temperature still higher 
than the temperature at the time of said preheating. 

[0027] Moreover, the conjugated compound which contains at least nickel, Mn, and M 
[however, one or more sorts of elements chosen from the group which M becomes from 
Ti, Cr, Fe, Co, Cu, Zn, aluminum, germanium, and Sn] as a configuration element, By 
mixing the compound of Li by the predetermined ratio, carrying out preheating of this at 
the temperature of 250-850 degrees C for 0.5 to 30 hours, and calcinating with a burning 
temperature still higher than the temperature at the time of said preheating The 
manufacture approach of the lithium content multiple oxide characterized by forming the 
multiple oxide of the same layer structure as LiNi02 is offered. 

[0028] Furthermore, the conjugated compound which contains at least nickel, Mn, and M 



[however, one or more sorts of elements chosen from the group which M becomes from 
Ti, Cr, Fe, Co, Cu, Zn, aluminum, germanium, and Sn] as a configuration element, By 
mixing the compound of Li by the predetermined ratio, carrying out preheating of this at 
the temperature of 250-850 degrees C in the ambient atmosphere containing oxygen, and 
calcinating with a burning temperature still higher than the temperature at the time of said 
preheating The manufacture approach of the lithium content multiple oxide characterized 
by forming the multiple oxide of the same layer structure as LiNi02 is offered 
[0029] 

[Embodiment of the Invention] Hereafter, the gestalt of implementation of invention 
explains this invention more concretely, the lithium content multiple oxide of this 
invention - general formula Lil+ x+alpha nickel(l-x-y+delta)/2Mn(l-x-y-delta)/2My02 

- [ - however It is 0<=x<=0.05, -0.05 <= x+alpha <=0.05, and 0<=y<=0.4. - 

0. K=delta<=0.1 (at however, the time of 0<=y<=0.2), or -0.24<=delta<=0.24 It is at 
(however, the time of 0.2< y<=0.4). M Ti, Cr, Fe - Co - Cu - Zn - aluminum - 
germanium - and - Sn - from - becoming - a group - from ~ choosing - having had - 

- one - a sort ~ more than ~ an element - ] - expressing - having - at least - nickel - 
Mn - a configuration - an element -*****•_ containing - and - nickel - Mn - a 
quantitative ratio - 1:1 - becoming - a presentation - a core --**-- having carried out - 

- very - restricting - having had - a presentation ~ the range « a multiple oxide - it is . 
[0030] In this invention, it is based on the following reasons as a lithium content multiple 
oxide that only the above limited presentation range is chosen. That is, in a lithium 
manganic acid ghost, if the rate of bivalent Mn increases as mentioned above, distortion 
will arise in the crystal structure for the Jahn Teller effect, and the problem that the 
potential of charge and discharge falls will arise. Therefore, although it is necessary to 
make the valence of Mn into the value near tetravalence, since phase transition becomes 
easy to happen to spinel type structure as the rate of tetravalent Mn increases, to realize 
stabilization of the crystal structure is needed. 

[003 1] To the above-mentioned technical problem, this invention persons made LiMn02 
contain Li superfluously, enlarged the average valence of Mn, or considered Mn of 
LiMn02 that it is effective to permute with the element which can be constituted in 
stability, for example, Co, nickel, etc., and examined the layer-like lithium content 
multiple oxide for it in the detail about the class of the quantitative ratio of Li, and 
permutation element, and its quantitative ratio. 

[0032] Consequently, it is based on the presentation expressed with the general formula 
of 1/2: 1/2, LiNil / 2Mnl used as 1 : 1 / 202, by the quantitative ratio of nickel and Mn. 
[ i.e., ] nickel and Mn are permuted by Li every [ 2 / x/], respectively, and, only in delta/2 
and -delta/2, the quantitative ratio of nickel and Mn shifts from 1/2:1/2, respectively. The 
quantitative ratio of Li has width of face only for alpha, nickel and Mn every [ 2 / y/], 
respectively Element M The presentation permuted by (however, one or more sorts of 
elements chosen from the group which M becomes from Ti, Cr, Fe, Co, Cu, Zn, 
aluminum, germanium, and Sn), namely, general formula Lil+ x+alpha nickel('l-x- 
y+delta)/2Mn(l-x-y-delta)/2My02 - [ - however It is 0<=x<=0.05, -0.05 <= x+alpha 
<=0.05, and 0<=y<=0.4. - 0.1<=delta<=0.1 (at however, the time of 0<=y<=0.2), or - 
0.24<=delta<=0.24 (- however - 0.2 - < - y - <= - 0.4 - the time --) - it is --' M - Ti 
- Cr ~ Fe - Co - Cu - Zn - aluminum ~ germanium - and - Sn - from - becoming - 
a group - from - choosing - having had ~ one ~ a sort - more than - an element ~ ] ~ 



expressing - having - a presentation - the range - setting -- It turned out that the layer- 
like crystal structure is stabilized and the lithium content multiple oxide excellent in the 
reversibility of the charge and discharge in the potential field of the 4V neighborhood or 
the endurance over a charge-and-discharge cycle is obtained. Especially, when it was y> 
0 (i.e., when Element M is added), it also turned out that it becomes the lithium content 
multiple oxide which has the more excellent property. 

[0033] This is considered to be because for migration of Mn under crystal to be 
controlled in the case of the dope of Li in that the average valence of Mn in a lithium 
content multiple oxide takes the value near the tetravalence (about 3.3 - tetravalence), and 
charge and discharge, and a dedope. in addition, this invention - setting — as the valence 
of Mn - X-ray absorption - the value measured with the spectrum (XAS) was used. 
[0034] Moreover, as mentioned above, it is stabilized, have layer-like structure and excel 
in the reversibility of charge and discharge, or the endurance over a charge-and-discharge 
cycle. When X diffraction measurement using CuK alpha rays is performed to the lithium 
content multiple oxide which contains nickel and Mn as a configuration element at least, 
angle-of-diffraction 2theta near 18 degree and near 44 degree Are LiNi02 (003), and one 
diffraction peak at which and (104) is equivalent to a diffraction peak exists at a time, 
respectively, and in the range which is 63 degrees - 66 degrees (108) And (110) turned 
out that the diffraction pattern was the multiple oxide of the single phase which has the 
same description as LiNi02 - two diffraction peaks equivalent to a diffraction peak exist. 
[0035] Furthermore, as a result of examining a diffraction pattern in a detail, when it sets 
to 118 and 144, respectively, the area, i.e., the addition reinforcement, of the diffraction 
peak near [ above-mentioned ] 18 degree and near 44 degree The ratios 144/118 
0.9<I44/I18 <=1.2 The (however, time of 0<=y<=0.2), or 0.7 <=I44/I18 <=1 Difference 
thetaa of the angle of diffraction (2theta) of two diffraction peaks which it is at (however, 
the time of 0.2< y<=0.4), and are in the range of 63 degrees - the above-mentioned 66 
degrees It also turned out that it has the description of being 0.3 degree<=thetaa<=0.6 
degree (at however, the time of 0<=y<=0.2), or 0.55 degree<=thetaa<=0.75 degree (at 
however, the time of 0.2< y<=0.4). 

[0036] The charge-and-discharge curve of such a lithium content multiple oxide becomes 
the charge and discharge in the electrical -potential-difference field of the 4V 
neighborhood are possible, and possible [ using it as an alternative of LiCo02 which is 
the conventional positive active material ] like LiMn 204 which has the structure of a 
spinel mold. 

[0037] Furthermore, it also turned out that true density serves as 4.55 - 4.95 g/cm3 and a 
big value, and the lithium content multiple oxide which has the above-mentioned 
presentation serves as an ingredient which has a high volume energy density. Although 
the true density of the lithium content multiple oxide which contains Mn in the fixed 
range changes with the presentations a lot, structure is stabilized in the above-mentioned 
narrow presentation range, and since a single phase becomes is easy to be formed, it is 
considered to become a big value near the true density of LiCo02. It turned out that it 
becomes a big value and becomes a three or more about 4.7 g/cm high density multiple 
oxide in -0.015 <= x+alpha <=0.015 especially at the time of the presentation near a 
stoichiometric ratio. 

[0038] Moreover, although the lithium content multiple oxide of this invention is based 
on the presentation to which Mn is set to nickel andl : 1 like LiNil / 2Mnl / 202 as 



mentioned above [ near the presentation from which the quantitative ratio of nickel, Mn, 
and M is set to 1 : 1 : 1 when presentation examination is furthermore carried out to a detail, 
i.e., the presentation which is expressed with general formula LiNil/3Mnl/3Ml / 302, 
and is set to y=l/3, ] It turned out that the lithium content multiple oxide which has the 
especially excellent property is obtained. 

[0039] Above-mentioned general formula Lil+ x+alpha nickel(l-x-y+delta)/2Mn(l-x-y- 
delta)/2My02 In (however, one or more sorts of elements chosen from the group which 
M becomes from Ti, Cr, Fe, Co, Cu, Zn, aluminum, germanium, and Sn) in 
[ presentation ] 0<=y<=0.2 Although only a small value is permitted, a gap (delta/2) of 
the quantitative ratio of nickel and Mn in [ presentation ] 0.2< y<=0.4 Since the stability 
of the crystal structure becomes higher and a single phase becomes is easy to be formed, 
even if a gap of the quantitative ratio of nickel and Mn becomes large, the lithium content 
multiple oxide made into the object can be obtained. For this reason, in the range which 
delta can take at the time of 0<=y<=0.2, in the above-mentioned general formula, the 
range which delta can take becomes as large as -0.24<=delta<=0.24 to -0.1<=delta<=0.1 
and a narrow thing at the time of 0.2< y<=0.4. 

[0040] Furthermore, in the presentation range of 0.2< y<=0.4, since true density became 
large rather than the compound of the presentation range of 0<=y<=0.2, it also became 
clear that it is the ingredient which fitted high capacity-ization more. That is, with the 
compound of stoichiometric composition, the true density is [ in / to the true density 
being about 4.75 to 4.95 g/cm3 / the presentation range of 0<=y<=0.2 ] about 4.55 to 4.74 
g/cm3 in the presentation range of 0.2< y<=0.4. 

[0041] Here, the upper limit of y was set to 0.4 because it would become easy to produce 
problems - an unusual appearance is formed into the multiple oxide made into the object, 
and the stability of a compound is spoiled if the presentation of permutations of y> 0.4, 
i.e., the amount in Element M, increased more than 0.4. 

[0042] In addition, using the compound of the very large presentation range which 
includes the presentation range of the lithium content multiple oxide of this invention as a 
positive-electrode ingredient of a nonaqueous rechargeable battery is already indicated by 
the patent No. 3064655 official report, JP,9-199127,A, JP, 10-699 10, A, JP,2000- 
294242,A, etc. However, it is not what indicated that the lithium content multiple oxide 
of the property in which nickel and Mn which this invention shows were especially 
excellent in about 1:1 limited presentation range about above all was obtained, and this 
invention is not easily guessed from these advanced technology, either. 
[0043] By the way, the above-mentioned lithium content multiple oxide is dramatically 
difficult for obtaining the single phase only by mixing and calcinating Li compound, Mn 
compound, nickel compound, etc. simply. 

[0044] Since this has the slow diffusion rate in the inside of solid-states, such as nickel 
and Mn, it is difficult to make homogeneity diffuse these in a synthetic reaction, and it is 
considered to be the cause that said element is not distributed in the generated oxide at 
homogeneity. 

[0045] Then, this invention persons acquired the knowledge that the single phase of the 
lithium content multiple oxide of this invention could be compounded comparatively 
easily, by calcinating the conjugated compound which contains nickel and Mn as a 
configuration element at least, and the compound of Li, as a result of repeating 
examination in a detail also about the approach of compounding the above-mentioned 



oxide. That is, by compounding the conjugated compound of configuration elements, 
such as nickel and Mn, beforehand, and calcinating this with the compound of Li, said 
metallic element is distributed over homogeneity in an oxide formation reaction, and 
formation of a single phase is easy-ized. Of course, although the synthetic approach of 
the lithium content multiple oxide of this invention is not limited to the above-mentioned 
approach, it is thought that the physical properties of the multiple oxide to generate, i.e., 
the stability of structure and the reversibility of charge and discharge, true density, etc. 
change a lot by through what kind of synthetic process it passes. 

[0046] Here as a conjugated compound which contains nickel and Mn as a configuration 
element at least For example, the coprecipitation compound which contains nickel and 
Mn at least, the compound by which hydrothermal synthesis was carried out, 
nickel0.5Mn0.5(OH)2, NiMn 204, nickelO.5MnO.500H, etc. can use the oxide or 
hydroxide of nickel and Mn preferably that what is necessary is just to use the compound 
which heat-treats the compound and them by which mechanical composition was carried 
out, and is obtained, in addition ~ as a configuration element ~ M (M — Ti, Cr, Fe, Co, 
Cu, and Zn --) In compounding the lithium content multiple oxide containing one or more 
sorts of elements chosen from the group which consists of aluminum, germanium, and Sn 
Although the target oxide can be obtained by mixing and calcinating the conjugated 
compound which contains nickel and Mn at least, the compound of Li, and the compound 
containing M, if possible, it is desirable to use from the start nickel and Mn, and the 
conjugated compound that M contained further. Moreover, what is necessary is just to 
choose suitably the quantitative ratio of nickel, Mn, and M in the above-mentioned 
conjugated compound according to the presentation of a lithium content multiple oxide 
made into the object. 

[0047] Moreover, as a compound of Above Li, various lithium salt can be used, for 
example, a lithium hydroxide and monohydrate, a lithium nitrate, a lithium carbonate, an 
acetic-acid lithium, a lithium bromide, a lithium chloride, lithium citrate, lithium fluoride, 
a lithium iodide, a lactic-acid lithium, an oxalic acid lithium, a phosphoric-acid lithium, a 
pyruvic-acid lithium, lithium sulfate, lithium oxide, etc. are mentioned, and a lithium 
hydroxide and monohydrate are most preferably used at the point which the gas which 
has an adverse effect on the environment of carbon dioxide gas, nitrogen oxides, a sulfur 
oxide etc. also in them do generate 

[0048] The above-mentioned conjugated compound which contains nickel and Mn as a 
configuration element at least, and the compound of Li can compound the lithium content 
multiple oxide of this invention by calcinating at about 700-1 100 degrees C for 1 to 24 
hours in the ambient atmosphere which is mixed by the ratio according to the 
presentation of a lithium content multiple oxide mostly made into the object, for example, 
contains oxygen for said mixture. 

[0049] As heat-treatment which is in charge of the above-mentioned baking, it is more 
desirable to once heat to temperature (about 250-850 degrees C) lower than burning 
temperature, to perform preheating by holding at the temperature, to carry out 
temperature up to burning temperature further, and to advance a reaction rather than 
carrying out temperature up at a stretch to predetermined temperature. It is because it is 
thought that the reaction of the compound of Li and the conjugated compound which 
contains nickel and Mn as a configuration element at least arises gradually in the 
generation process of the lithium content multiple oxide of this invention, and a lithium 



content multiple oxide generates this eventually via an intermediate product. That is, 
when carrying out temperature up at a stretch to burning temperature, the problem that 
the lithium content multiple oxide which the compound of Li and the conjugated 
compound which contains nickel and Mn as a configuration element at least reacted to 
the culmination selectively, and generated by it blocks the reaction of an unreacted object, 
or the homogeneity of a presentation is spoiled may arise. Moreover, heating gradually is 
effective, also in order to shorten the time amount which a reaction process takes and to 
obtain a homogeneous lithium content multiple oxide. What is necessary is just to usually 
perform it in about 0.5 - 30 hours, although especially the time amount of this preheating 
is not restricted. 

[0050] moreover, at the process which calcinates the mixture of said compound of Li, and 
the conjugated compound which contains nickel and Mn as a configuration element at 
least By solvents', such as ethanol's, distributing mixture, making it the shape of a slurry, 
carrying out grade mixing for 30 - 60 minutes with a planet mold ball mill etc., and using 
what dried this, although the mixture by which dry blending was carried out may be used 
as it is Since the homogeneity of the lithium content multiple oxide compounded 
increases further, it is desirable. 

[0051] What is necessary is just to carry out as an ambient atmosphere of the above- 
mentioned heat-treatment in the mixed ambient atmosphere of inert gas, such as inside of 
the ambient atmosphere containing oxygen, i.e., air, and an argon, helium, nitrogen, and 
oxygen gas, or oxygen gas. As for the rate of the oxygen in an ambient atmosphere, it is 
desirable to make it to 1 0% or more by the volume ratio. 

[0052] As a flow rate of the above-mentioned gas, it is desirable to carry out above by 
ldm3/per lOOg of said mixture, and the amount of 1 - 5dm3/is more desirable. When 
there are few quantities of gas flow (i.e., when a gas flow rate is slow), a reaction 
advances to an ununiformity and it becomes easy to generate impurities, such as Mn 203 
andLi2Mn03. 

[0053] By using the lithium content multiple oxide of this invention obtained by 
approach which was described above as positive active material, a nonaqueous 
rechargeable battery is produced as follows, for example. 

[0054] the positive electrode which added binders, such as polytetrafluoroethylene and 
polyvinylidene fluoride, and was mixed with electric conduction assistants, such as a 
scale-like graphite and acetylene black, when the above-mentioned lithium content 
multiple oxide took the positive electrode - the base which serves as the operation as a 
charge collector, using a mixture as it is - spreading - or impregnation is carried out, and 
it unites with a base and uses. As a base, the network of metals, such as aluminum, 
stainless steel, titanium, and copper, a punching metal, an expanded metal, form metal, a 
metallic foil, etc. can be used, for example. 

[0055] In addition, as positive active material, although only the above-mentioned 
lithium content multiple oxide may be used, it can mix with other active materials, or can 
also use as complex with other active materials. For example, since the above-mentioned 
lithium content multiple oxide is inferior in electronic conduction nature compared with a 
lithium content cobalt oxide like LiCo02, the problem that high current discharge and the 
voltage drop in the discharge last stage become large tends to generate it. However, from 
mixing and using the lithium content cobalt oxide which is excellent in electronic 
conduction nature, the above-mentioned voltage drop is controlled and a discharge 



property can be raised. As this lithium content cobalt oxide, compounds, such as LiCol- 
tNit02 which permuted a part of Co besides LiCo02 with other elements, for example, 
nickel, can also be used. In this case, if the rate of a lithium content cobalt oxide is made 
[ many ] too much, since it will become easy for endurance, such as an elevated- 
temperature storage property, to fall, it is necessary to carry out to 50% or less of the 
whole active material at the rate of a mass ratio. 

[0056] Moreover, as an active material of the above-mentioned positive electrode and the 
negative electrode made to counter, although a lithium or a lithium content compound is 
usually used, as the lithium content compound, alloys which contain as a subject the 
elements which can form a lithium and an alloy, or those elements, such as lithium alloys, 
such as a Li-aluminum alloy, a Li-Pb alloy, a Li-In alloy, and a Li-Ga alloy, and Si, Sn, a 
Mg-Si alloy, are mentioned. Furthermore, carbonaceous ingredients, such as a graphite 
besides oxide system ingredients, such as Sn oxide and Si oxide, and fibrous carbon, a 
lithium content compound nitride, etc. can be used. Moreover, what compound-ized two 
or more above-mentioned ingredients may be used, and the complex of a carbonaceous 
ingredient and Si etc. is used preferably. In addition, the same approach as the case of the 
above-mentioned positive electrode can be used also about production of a negative 
electrode. 

[0057] As a ratio of the active material in the above-mentioned positive electrode and a 
negative electrode, although it changes also with classes of negative-electrode active 
material, generally the property of the above-mentioned lithium content multiple oxide 
can be well used by being referred to as (the mass of positive active material) / (mass of a 
negative-electrode active material) =1.5-3.5. However, since the capacity of a negative 
electrode becomes large too much by the above-mentioned ratio in using complex with 
other components, such as an alloy which contains as a subject the elements as a 
negative-electrode active material which can form a lithium and an alloy, and those 
elements, lithium content compound nitrides or those ingredients, and a carbonaceous 
ingredient, it is desirable to be referred to as (the mass of positive active material) / (mass . 
of a negative-electrode active material) =4-7. 

[0058] As nonaqueous electrolyte in the nonaqueous rechargeable battery of this 
invention, the liquefied electrolyte of the organic solvent system which dissolved the 
electrolyte in the organic solvent, i.e., the electrolytic solution, the polymer electrolyte 
which made said electrolytic solution hold in a polymer can be used. Although especially 
the organic solvent contained in the electrolytic solution or a polymer electrolyte is not 
limited, it is desirable that chain-like ester is included from the point of a load 
characteristic. As such chain-like ester, organic solvents, such as carbonate of the shape 
of a chain represented by dimethyl carbonate, diethyl carbonate, and ethyl methyl 
carbonate, and ethyl acetate, pro pyrone acid methyl, are mentioned, for example. These 
chain-like ester may be independent, or two or more sorts may be mixed and used for it, 
for the improvement of low temperature-dependenccy-characteristics nature, it is 
desirable that the above-mentioned chain-like ester occupies more than 50 volume % in 
[ all ] an organic solvent, and it is more desirable especially that especially chain-like 
ester occupies more than 65 volume % in [ all ] an organic solvent. 
[0059] However, as an organic solvent, in order to aim at improvement in discharge 
capacity rather than it constitutes only from above-mentioned chain-like ester, it is 
desirable to mix and use ester with high (permittivity: 30 or more) permittivity for the 



above-mentioned chain-like ester. As an example of such ester, the annular carbonate 
represented by ethylene carbonate, propylene carbonate, butylene carbonate, and vinylene 
carbonate, gamma-butyrolactone, an ethylene glycol ape fight, etc. are mentioned, for 
example, and the ester of cyclic structures, such as ethylene carbonate and propylene 
carbonate, is more desirable especially. 

[0060] As for especially the ester with such a high dielectric constant, it is desirable to 
contain more than 20 volume % more than all 10 volume [ in an organic solvent ] % from 
the point of discharge capacity. Moreover, from the point of a load characteristic, below 
40 volume % is desirable and below 30 volume % is more desirable. 
[0061] Moreover, as a solvent which can be used together in addition to ester with the 
above-mentioned high dielectric constant, 1, 2-dimethoxyethane, 1, 3-dioxolane, a 
tetrahydrofuran, a 2-methyl-tetrahydrofuran, diethylether, etc. are mentioned, for 
example. In addition, an amine imide series organic solvent, ** sulfur or a fluorine- 
containing organic solvent, etc. can be used. 

[0062] As an electrolyte dissolved in an organic solvent, for example LiC104, LiPF6 
LiBF4, LiAsF6, LiSbF6, LiCF3S03, LiC4F9S03, LiCF3C 02, Li2C2F4(S03) 2, LiN 
(CF3S02)2 and LiC (CF3S02)3, LiCnF2n+lS03 (n>=2) etc. - independent - or two or 
more sorts are mixed and it is used. LiPF6, LiC4F9S03, etc. from which a good charge- 
and-discharge property is acquired especially are used preferably. Although especially 
the concentration of the electrolyte in the electrolytic solution is not limited, 0.3 - 1.7 
mol/dm3, especially its about three 0.4 - 1 .5 mol/dm are desirable. 
[0063] Moreover, in order to raise the safety and storage property of a cell, nonaqueous 
electrolyte may be made to contain an aromatic compound. As an aromatic compound, 
the benzens which has alkyl groups, such as cyclohexylbenzene and t-butylbenzene, a 
biphenyl, or fluorobenzenes are used preferably. 

[0064] What reinforcement comes out enough and can moreover hold many electrolytic 
solutions as a separator is good, from such a viewpoint, it is 5-50 micrometers in 
thickness, and microporous films, nonwoven fabrics, etc. made from polyolefine of the 
product made from polypropylene, the product made from polyethylene, a propylene, and 
ethylene, such as a copolymer, are used preferably. Although the property of a cell 
becomes easy to deteriorate in a charge-and-discharge cycle, elevated-temperature 
storage, etc. when 5-20 micrometers and a thin separator are used especially, since the 
lithium content multiple oxide of this invention is excellent in stability, even if it uses 
such a thin separator, it can be stabilized, and can operate a cell 
[0065] 

[Example] Next, the example of this invention is explained. However, this invention is 
not limited only to those examples. 

[0066] (Example 1) Preparing the aqueous ammonia which adjusted pH to about 12 by 
addition of a sodium hydroxide in a reaction container, and strong-stirring this, the mixed 
water solution which contains a nickel sulfate and manganese nitrate 1 mol/dm every 3, 
respectively, and the aqueous ammonia of 25 mass % were dropped [ into this ] using the 
metering pump at a rate for a part for 46cm3/, and 3 .3cm3/, respectively, and the 
coprecipitation compound of nickel and Mn was made to generate. At this time, dropping 
of the sodium-hydroxide water solution of the concentration of 3.2 mol/dm3 was also 
simultaneously performed so that the temperature of reaction mixture might be held at 50 
degrees C and pH of reaction mixture might be maintained to the about 12 neighborhoods. 



Furthermore, it was made to react, purging nitrogen gas at a rate for ldm3/on the 
occasion of a reaction, so that the ambient atmosphere of reaction mixture may turn into 
an inert atmosphere. 

[0067] After rinsed, filtered and dried the obtained product, having considered as the 
hydroxide which contains Mn at a rate of nickel andl :1, having carried out weighing 
capacity of 0.2 mols of this hydroxide, and the 0.198-mol LiOH-H20, distributing that 
mixture by ethanol and making it the shape of a slurry, mixed for 40 minutes with the 
planet mold ball mill, it was made to dry at a room temperature, and mixture was 
prepared. Subsequently, the lithium content multiple oxide was compounded by 
performing preheating, carrying out temperature up to 1000 more degrees C, and 
calcinating for 12 hours by putting the mixture into the crucible made from an alumina, 
heating to 800 degrees C in the air air current for ldm3/, and holding at the temperature 
for 2 hours. The mortar ground the prepared compound and it was saved in the desiccator 
as fine particles. 

[0068] About the fine particles of the above-mentioned oxide, when the presentation was 
measured with atpmic-absorption-analysis equipment, it turned out that it is the 
presentation expressed with LiO.99nickelO.5Mn 0.5O2. in order [ moreover, ] to perform 
phase analysis of the above-mentioned compound — BL4 beam port of the 
superconduction small radiation light source "aurora" (Sumitomo Electric Industries 
make) of the Ritsumeikan University SR pin center,large - using - the X-ray absorption 
of Mn - the spectrum (XAS) was performed. Analysis of the obtained data was 
performed using analysis software "REX" (product made from the Rigaku electrical 
machinery) based on reference [Journal of the Electrochemical Society and 146p2799- 
2809 (1999)]. In order to determine the valence of Mn of the above-mentioned compound, 
moreover, as a correlation sample Mn02 and LiNiO.SMn 1.504 (correlation sample as,a 
compound with which an average valence both has tetravalent Mn), LiMn 204 
(correlation sample as a compound with which an average valence has Mn of 3.5 **), 
LiMn02, Mn203 (correlation sample as a compound with which an average valence both 
has trivalent Mn), and MnO (correlation sample as a compound with which an average 
valence has divalent Mn) were used. It asked for the regression line showing the relation 
between K absorption end location of Mn of each correlation sample, and the valence of 
Mn, and since K absorption end location of Mn of the above-mentioned compound was 
almost the same as K absorption end location of Mn02 and LiNiO.SMn 1 .504, the 
average valence of Mn of the above-mentioned compound was able to be mostly found 
with tetravalence. 

[0069] Since a compound suitable as a correlation sample which has nickel more than 
trivalent about nickel was not able to come to hand, accuracy was not able to be asked for 
the valence, but since NiO and LiNiO.SMn 1.504, and K absorption end location whose 
average valence is the compound which has divalent nickel were almost the same, it was 
presumed that the average valence of nickel of the above-mentioned compound is 
divalent mostly. 

[0070] (Example 2) Weighing capacity of 0.198 mols of hydroxides contained at a rate of 
nickel and Mnl:l which were compounded like the example 1, and the 0.202-mol LiOH- 
H20 was carried out, and the lithium content multiple oxide expressed with 
Lil.01nickel0.495Mn 0.495O2 like an example 1 below was compounded. 
[0071] (Example 3) Weighing capacity of 0.196 mols of hydroxides contained at a rate of 



nickel and Mnl:l which were compounded like the example 1, and the 0.204-mol LiOH- 

H20 was carried out, and the lithium content multiple oxide expressed with 

Lil .02nickel0.49Mn 0.49O2 like an example 1 below was compounded. 

[0072] (Example 4) Weighing capacity of 0.194 mols of hydroxides contained at a rate of 

nickel and Mnl :1 which were compounded like the example 1, and the 0.206-mol LiOH- 

H20 was carried out, and the lithium content multiple oxide expressed with 

Lil .03nickel0.485Mn 0.485O2 like an example 1 below was compounded. 

[0073] (Example 5) Weighing capacity of 0.192 mols of hydroxides contained at a rate of 

nickel and Mnl :1 which were compounded like the example 1, and the 0.208-mol LiOH- 

H20 was carried out, and the lithium content multiple oxide expressed with 

Lil .04nickel0.48Mn 0.48O2 like an example 1 below was compounded. 

[0074] (Example 6) Weighing capacity of 0.19 mols of hydroxides contained at a rate of 

nickel and Mnl :1 which were compounded like the example 1, and the 0.21-mol LiOH- 

H20 was carried out, and the lithium content multiple oxide expressed with 

Lil.05nickel0.475Mn 0.475O2 like an example 1 below was compounded. 

[0075] (Example 7) The hydroxide which contains nickel, Mn, and Co at a rate of 

4.5:4.5:1 was obtained like the example 1 except the mixed water solution which contains 

a nickel sulfate, manganese nitrate, and cobalt sulfate at a rate of 0.9 mol/dm3, 0.9 

mol/dm3, and 0.2 mol/dm3, respectively having been dropped. The lithium content 

multiple oxide expressed with Li0.99nickel0.45Mn0.45Co 0.1 02 like an example 1 

below was compounded. 

[0076] (Example 8) The lithium content multiple oxide expressed with 
Li0.99nickel0.375Mn0.375Co 0.25O2 was compounded like the example 1 except the 
mixed water solution which contains a nickel sulfate, manganese nitrate, and cobalt 
sulfate at a rate of 0.75 mol/dm3, 0.75 mol/dm3, and 0.5 moVdm3, respectively having 
been dropped. 

[0077] (Example 9) The lithium content multiple oxide expressed with 
Li0.99nickel0.34Mn0.33Co 0.33O2 was compounded like the example 1 except the 
mixed water solution which contains a nickel sulfate, manganese nitrate, and cobalt 
sulfate at a rate of 0.67 mol/dm3, 0.66 mol/dm3, and 0.66 mol/dm3, respectively having 
been dropped. 

[0078] (Example 10) The lithium content multiple oxide expressed with 
Li0.99nickel0.3Mn0.3Co 0.4O2 was compounded like the example 1 except the mixed 
water solution which contains a nickel sulfate, manganese nitrate, and cobalt sulfate at a 
rate of 0.6 mol/dm3, 0.6 mol/dm3, and 0.8 mol/dm3, respectively having been dropped. 
[0079] (Example 1 of a comparison) The prismatic crystal lithium manganic acid ghost 
which carries out weighing capacity of 0.2-mol LiOH-H20 and 0.2-mol MnOOH, is 
mixed for 30 minutes with a planet mold ball mill, considers as mixture, puts this into the 
crucible made from an alumina, calcinates at 450 degrees C in the nitrogen air current for 
ldm3/for 10 hours, and is expressed with LiMn02 was compounded. 
[0080] (Example 2 of a comparison) Weighing capacity of 0.18 mols of hydroxides 
contained at a rate of nickel and Mnl: 1 which were compounded like the example 1, and 
the 0.22-mol LiOH-H20 was carried out, and the lithium content multiple oxide 
expressed with Lil.lnickel0.45Mn 0.45O2 like an example 1 below was compounded. 
[0081] (Example 3 of a comparison) The lithium content multiple oxide expressed with 
Li0.99nickel0.25Mn0.25Co 0.5O2 was compounded like the example 1 except the mixed 



water solution which contains a nickel sulfate, manganese nitrate, and cobalt sulfate at a 
rate of 0.5 mol/dm3, 0.5 mol/dm3, and 1 mol/dm3, respectively having been dropped. 
[0082] (Example 4 of a comparison) The lithium content multiple oxide expressed with 
LiO.99nickelO.2MnO.2Co 0.6O2 was compounded like the example 1 except the mixed 
water solution which contains a nickel sulfate, manganese nitrate, and cobalt sulfate at a 
rate of 0.4 mol/dm3, 0.4 mol/dm3, and 1.2 mol/dm3, respectively having been dropped. 
[0083] (Example 5 of a comparison) The lithium content multiple oxide expressed with 
LiO.99nickelO.25Mn 0.75O2 was compounded like the example 1 except the mixed water 
solution which contains a nickel sulfate and manganese nitrate at a rate of 0.5 mol/dm3 
and 1.5 mol/dm3, respectively having been dropped. 

[0084] (Example 6 of a comparison) The lithium content multiple oxide expressed with 
LiO.99nickelO.6MnO.3Co 0.1O2 was compounded like the example 7 except having made 
the rate of the nickel sulfate in an example 7, and manganese nitrate into 1 .2 mol/dm3 
and 0.6 mol/dm3, respectively. Namely, as for an example 7, in the lithium content 
multiple oxide of the example 6 of a comparison, only the quantitative ratios of nickel 
and Mn differ. 

[0085] (Example of reference) The lithium content multiple oxide which carries out 
weighing capacity of 0.2 mols LiOH-H20 and 0.1 -mol nickel (OH)2, and the 0.1 -mol 
MnOOH, is mixed for 30 minutes with a planet mold ball mill, considers as mixture, puts 
this into the crucible made from an alumina, calcinates in 800-degree C air for 10 hours, 
and is expressed with the presentation of LiNi0.5Mn 0.5O2 was compounded. 
[0086] The list of each lithium content multiple oxide of the compound above-mentioned 
examples 1-10, the examples 1-6 of a comparison, and the example of reference was 
shown in a table 1 . 
[0087] 
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[0088] X diffraction measurement by CuK alpha rays was performed about the lithium 
content multiple oxide of the examples 1-10 of above-mentioned this invention, the 
examples 1-6 of a comparison, and the example of reference. Although the lithium 
content multiple oxide of the examples 1-10 of this invention, the examples 2-6 of a 



comparison, and the example of reference showed the X diffraction pattern of LiNi02 
which has layer-like structure, and resemblance, the peak which shows generation of an 
unusual appearance was also accepted in the X diffraction pattern of the examples 3-5 of 
a comparison, and the example of reference. Moreover, the X diffraction pattern of the 
example 1 of a comparison was a pattern of the prismatic crystal with which LiNi02 
differs. About the examples 1-10, the example 2 of a comparison, and the example 6 of a 
comparison of this invention It is one at a time that the peak resulting from generation of 
an unusual appearance was not accepted, i.e., the diffraction peak to which angle-of- 
diffraction 2theta exists near 18 degree and near 44 degree, respectively. From the 
number of the diffraction peaks which exist in the range of 63 degrees - 66 degrees 
having been two, it was checked that the obtained oxide is the single phase of the lithium 
content multiple oxide which has the structure of LiNi02 and resemblance. In addition 
although the peak by Kalphal line of Cu was adjoined and the peak by Kalpha2 line was 
also accepted in the diffraction peak which exists in the range of 63 degrees - 66 degrees 
in this invention, only the peak by said Kalphal line is considered as a diffraction peak 
which exists within the limits of 63 degrees - 66 degrees. 

[0089] The X diffraction pattern of an example 1, an example 8, an example 9, the 
example 4 of a comparison, and the example 5 of a comparison was illustrated as drawing 
I - drawing 5 among the above. 

[0090] Moreover, the value measured about difference thetaa of the ratio (144/118) of the 
addition reinforcement 1 1 8 and 144 of the diffraction peak near 1 8 degree and near 44 
degree and the angle of diffraction of two diffraction peaks which exist in the range of 63 
degrees - 66 degrees was shown in a table 2. In addition, crystal structures differ, and in 
the lithium content multiple oxide of the examples 3-5 of a comparison, and the example 
of reference, by generation of an unusual appearance, since three or more diffraction 
peaks existed in the range of 63 degrees - 66 degrees, the lithium content multiple oxide 
of the example 1 of a comparison has not indicated the data of those compounds to be the 
thing of this invention to a table 2. 
[0091] 
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[0092] In the lithium content multiple oxide of the examples 1-7 which are 0<=y<=0 2 
the addition intensity ratios 144/11 8 were in the range of 0.9-1 .2, and difference thetaa of 
an angle of diffraction was in the range of 0.3 degrees - 0.6 degrees. Moreover, in the 
examples 8-10 which are 0.2< y<=0.4, the range of 144/118 was 0.7-1, and the range of 



thetaa was 0.55 degrees - 0.75 degrees. On the other hand in the example 2 of a 
comparison and the example 6 of a comparison from which the presentation separated 
from the range of this invention, either 144/118 or thetaa had deviated from the above- 
mentioned range, and three or more diffraction peaks existed in the range of 63 degrees - 
66 degrees as mentioned above in the examples 3-5 of a comparison, and the example of 
reference. 

[0093] Next, true density was measured using the true-density measuring device about 
the lithium content multiple oxide of the examples 1 - 1 0 of this invention, the examples 1 - 
6 of a comparison, and the example of reference. The result was shown in a table 3. In 
addition, the measurement error was **0.03 g/cm3 at the maximum. 
[0094] 
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[0095] In the lithium content multiple oxide of the examples 1-10 of this invention, true 
density became 4.57 - 4.82 g/cm3, and true density became a three or more 4.7 g/cm big 
value especially in stoichiometric composition 1, i.e., the example which is -0.015 <= 
x+alpha <=0.015, an example 2, and examples 7-10 mostly. Especially, in the examples 
8-10 which set the amount y of permutations in Element M to 0.2< y<=0.4, the three or 
more 4.76 g/cm biggest value was acquired. 

[0096] On the other hand, the example 1 of a comparison which is the multiple oxide of 
the conventional prismatic crystal, and the example 2 of a comparison of the presentation 
[ stoichiometric composition ] substantially shifted were the small values of three or less 
[ 4.5g //cm ], and in the example 5 of a comparison and the example 6 of a comparison 
which became out of range [ the ratio of nickel and Mn / this invention ], in spite of 
having been stoichiometric composition mostly, true density fell as compared with the 
above-mentioned example 1, the example 2, and examples 7-10 of this invention. 
Furthermore, since homogeneity was inferior also in the lithium content multiple oxide of 
the example of reference with generation of an unusual appearance, or survival of an 
unreacted object, true density fell rather than the lithium content multiple oxide of an 



example 1. 

[0097] Here, although the true density of the lithium content multiple oxide of the 
example 3 of a comparison and the example 4 of a comparison was higher than the thing 
of the example of this invention, the multiple oxide of true density with which this is 
because LiCo02 of about 5.1 g/cm3 generated as an unusual appearance, and true density 
shows it in a table 3 as a single phase was not necessarily obtained. 
[0098] Next, discharge capacity was measured by the approach shown below about the 
lithium content multiple oxide of the examples 1-10 of this invention, and the examples 
1 -2 of a comparison. 

[0099] Heated the N-methyl-2-pyrrolidone at 250 mass ****** md 60 degrees C, the N- 
methyl-2-pyrrolidone was made to dissolve polyvinylidene fluoride in the polyvinylidene 
fluoride 20 mass section as a binder, and the binder solution was prepared. The carbon 
black 5 mass section and the graphite 25 mass section were added and stirred as an 
electric conduction assistant to 450 mass ****** and a pan at this binder solution by 
having used the above-mentioned lithium content multiple oxide as positive active 
material, and the slurry-like coating was prepared. This coating was applied to both sides 
of aluminium foil with a thickness of 20 micrometers at homogeneity, after drying, 
pressing was carried out with the roller press machine, subsequently it judged, and' 
average thickness produced 483mm wide and a 54mm long band-like positive electrode 
by 190 micrometers. 

[0100] The separator which consists of a microporous polyethylene film with a thickness 
of 25 micrometers between each electrode has been arranged using the positive electrode 
produced as mentioned above and the negative electrode which consists of a lithium foil, 
the reference electrode of a lithium has been arranged, using the nonaqueous solution 
made to dissolve LiPF6 in the mixed solvent of the volume ratio 1:3 of ethylene 
carbonate and ethyl methyl carbonate by the concentration of 1 .0 mols/dm3 as the 
electrolytic solution, and the cell for discharge capacity assessment of a positive electrode 
was assembled. 

[0101] Charged the above-mentioned cell to 4.3V by making current density to the area 
of a positive electrode into 0.2 mA/cm2, it was made to discharge to 3.1 V with the same 
current density, and discharge capacity was measured. The measured discharge capacity 
was shown in a table 4 as a value converted per unit mass (mAh/g) of positive active 
material, and into per unit volume (mAh/cm3). In addition, the discharge curve of the 
positive electrode of the cell using the lithium content multiple oxide of an example 1, an 
example 6, an example 8, the example 1 of a comparison, and the example 2 of a 
comparison was shown in drawing 6 . 
[0102] 
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[0103] Although actuation with the high discharge potential beyond 3.5V is possible for 
the lithium content multiple oxide of the examples 1-10 of this invention and 136-153 
mAh/g and a big discharge capacity were shown, in the examples 1 and 2 of a 
comparison, it was the discharge capacity of 130 or less mAh/g, and since true density 
was large, when the direction of the lithium content multiple oxide of this invention 
converted into the discharge capacity per unit volume, the difference became more 
remarkable. 

[0104] Furthermore, in order to evaluate the property as a nonaqueous rechargeable 
battery of the above-mentioned lithium content multiple oxide, the nonaqueous 
rechargeable battery was produced with the following configurations. 
[0105] (Example 1 1) The lithium content multiple oxide of an example 1 and an example 
9 was independently used as positive active material, respectively, and the nonaqueous 
rechargeable battery was produced. The positive electrode applied the paste which mixed 
and produced the positive-active-material 92 mass section, the artificial-graphite 4.5 mass 
section, the carbon black 0.5 mass section, and the polyvinylidene fluoride 3 mass section 
on the aluminium foil base material, and obtained it by carrying out pressing after 
desiccation. 

[0106] The negative electrode applied the paste which mixed and produced the natural- 
graphite 92 mass section, the low crystallinity carbon 3 mass section, and the 
polyvinylidene fluoride 5 mass section on the copper foil base material, and obtained it 
by carrying out pressing after desiccation. 

[0107] The above-mentioned positive electrode and the negative electrode were wound 
through the separator with which thickness consists of a microporous polyethylene film 
which is 16 micrometers, and the cylindrical nonaqueous rechargeable battery of the 
capacity of 600mAh was produced as the electrolytic solution using what dissolved 
LiPF6 in the mixed solvent of the volume ratio 1:2 of ethylene carbonate and ethyl 
methyl carbonate by the concentration of 1.2 mols/dm3. In addition, the rate of a mass 
ratio of positive active material and a negative-electrode active material [(mass of 
positive active material) /(mass of a negative-electrode active material)] was set to 1 .9. 
[0108] (Example 12) The nonaqueous rechargeable battery was produced with the same 
configuration as an example 1 1 except having mixed the lithium content multiple oxide 
of an example 1 by 70 mass %, having mixed LiCo02 at a rate of 30 mass %, and having 
used as positive active material. 



[0109] (Example 7 of a comparison) The nonaqueous rechargeable battery was produced 
with the same configuration as an example 1 1 except having used independently LiCo02 
currently used for the lithium content multiple oxide of the example 6 of a comparison 
and the commercial nonaqueous rechargeable battery, and LiNi0.8Co 0.2O2 as positive 
active material, respectively. 

[01 1 0] The cycle property and the elevated-temperature storage property were evaluated 
about the nonaqueous rechargeable battery of the above-mentioned example 1 1, an 
example 12, and the example 7 of a comparison, the discharge capacity after the 100 
cycles to the discharge capacity in early stages of a cycle when a cycle property performs 
charge and discharge with the current value of 1C (600mA) - [the capacity maintenance 
tactor (/o)] estimated comparatively. An elevated-temperature storage property is before 
and after storage, measured the discharge capacity when performing charge and discharge 
u dlschar § e ca P acit y in the storage order when performing the storage trial 

which holds a cell for 20 days at 60 degrees C, i.e., the current value of 1C, and evaluated 
it by the rate [a capacity maintenance factor (%)] of the discharge capacity after the 
storage to the discharge capacity before storage. The result of such characterization was 
shown in a table 5. 
[0111] 
[A table 5] 



[0112] Although thickness used 16 micrometers and a thin separator and the nonaqueous 
rechargeable battery of the example 1 1 using the lithium multiple oxide of this invention 
as positive active material and an example 12 was excellent in the cycle property and the 
elevated-temperature storage property The cycle property and the elevated-temperature 
storage property were inferior to the thing of this invention in the nonaqueous 
rechargeable battery of the example 6 of a comparison used as the presentation of this 
invention out of range, and the example 7 of a comparison using LiCo02 used with the 
commercial nonaqueous rechargeable battery, or LiNi0.8Co 0.2O2 as positive active 
material. 

[0113] Moreover, when the cell of an example 1 1 and an example 12 was made to 
discharge by 2C (1200mA) and the property in high current discharge was investigated 
by the cell of an example 12, the remarkable improvement in 573mAh(s) and a property 
was accepted to the discharge capacity of the cell of an example 1 1 having been 
525mAh(s). This is because lithium content cobalt oxide was mixed and used for the 
lithium content multiple oxide of this invention. 

[01 14] (Example 13) The nonaqueous rechargeable battery was further produced as a 
negative-electrode active material using the ingredient which compound-ized Si and a 
carbonaceous ingredient. Si powder and an artificial graphite were mixed with the planet 
ball mill, it compound-ized, the obtained complex was sifted out, and it considered as the 
negative-electrode active material. Others produced the nonaqueous rechargeable battery 
with the same configuration as an example 11, using the lithium content multiple oxide of 



an example 1 as positive active material. However, the rate of a mass ratio of positive 
active material and a negative-electrode active material was set to 6.6. By this cell, since 
the rate of a mass ratio of positive active material was raised by having used the high 
capacity ingredient as a negative-electrode active material, discharge capacity was able to 
be enlarged about 7% in the same size as an example 1 1 . 

[0115] About the above-mentioned nonaqueous rechargeable battery, when the discharge 
capacity in 2C discharge was measured, it was able to be set to 605mAh, and the cell 
which has the property excellent also in high current discharge was able to be realized. 
By having raised the rate of a mass ratio of positive active material, the load to the 
positive active material at the time of discharge is mitigated, and since the voltage drop 
decreased, this is considered. 
[0116] 

[Effect of the Invention] it explained above — as — this invention — general formula Lil+ 
x+alpha nickel(l-x-y+delta)/2Mn(l-x-y-delta)/2My02 - [ -- however It is 0<=x<=0.05, - 
0.05 <= x+alpha <=0.05, 0<=y<=0.2, and -0.1<=delta<=0.1. M - Co - or -- Co -- Ti - 
Cr — Fe — Cu — Zn - aluminum — germanium - and — Sn — from - becoming - a group 
- from - choosing — having had — one — a sort —more than'-- an element - ] — etc. — 
expressing — having — a presentation — having — the stability of the crystal structure — 
high — the reversibility of charge and discharge — good ~ The lithium content multiple 
oxide and its manufacture approach of high density can be offered. By using the above- 
mentioned lithium content multiple oxide as positive active material, the configuration of 
the nonaqueous rechargeable battery which was excellent in endurance with high 
capacity is attained. 



[Translation done.] 
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